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PREFACE. 


The  fifth  edition  of  The  Coal  and  Metal  Miners'  Pocketbook 
was  very  kindly  received,  and  the  criticisms  of  it  were  most 
friendly  and  flattering.  '     - 

The  sixth  edition  has  been  compiled ;  under  particularly 
favorable  circumstances  and  is  much  more  complete  than  any 
previous  edition.  ' 

Prominent  engineers  and  manufacturers  of  opining' machinery 
throughout  the  world  have  kindly  criticized  the  previous 
edition,  have  suggested  wherein  it  could  be  improved,  and 
have  sent  to  ui^  information  -from  their  private  note  books 
that  has  never  before  been  published. 

The  staff  of  Minks  and  Minerals,  the  laige  force  of  Mining, 
Mechanical,  and  Electrical  Engineers  connected  with  The 
International  Correspondence  Schools,  and  many  other  engi- 
neers and  mine  managers  have  contributed  to  it. 

All  this  material  has  been  carefully  sifted,  verified  wh^erever 
possible,  and  combined  with  the  data  in  the  former  edition. 
By  careful  selection  and  rewriting,  or  l)y  different  methods  of 
presentation,  it  has  been  possible  to  include  essentially  all  that 
was  in  the  fifth  edition,  and  at  the  same  time  to  add  from  one- 
third  to  one-half  again  as  much  entirely  new  matter,  without 
materially  increasing  the  size  of  the  book. 

Every  portion  of  the  fifth  edition  has  been  either  entirely 
rewritten,  or  revised,  enlarged,  and  brought  up  to  date.  New 
illastrations  have  been  drawn,  aad  the  entire  book  has  been 
printed  from  new  plates. 

The  sections  on  Mathematics  and  Surveying  have  been 
amplified  by  the  addition  of  new  tables  and  by  text  trf«.ting 
of  the  Solar  Transit  and  Rocky  Mountain  methods  of  sur- 
veying. 

The  sections  on  Hydraulics;  the  Application  of  Electricity  to 
Minmg;  Timbering,  Haulage,  Blasting,  Ore  Dressing,  and  Coal 
Washing  are  entirely  new. 
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IV  PREFACE. 

The  sections  on  Prospecting,  Ventilation,  and  Methods  of 
Working  have  been  entirely  rewritten,  enlai^ed,  and  greatly 
improved. 

The  tables  of  Logarithms,  Trigonometric  Functions,  etc.  have 
been  reset  from  the  latest  corrected  editions  of  standard  tables. 
The  Traverse  Table  has  been  greatly  reduced  in  length,  but 
without  affecting  its  efficiency,  while  the  table  of  Squares, 
Cubes,  etc.  has  been  added  to  by  the  addition  of  Circumfer- 
ences and  Areas  of  Circles. 

The»  Glossary,  which  contains  about  2,600  words,  is  believed 
to  be  the  most  complete  mining  glossary  ever  published,  as  it 
is  a  combination  of  all  the  mining  glossaries  extant  of  which 
the  compilers  could  hear. 

Wherever  possible,  credit  has  been  given  the  authorities 
from  whom  data  have  been  taken,  but  in  such  a  work  it  is  mani- 
festly impossible  to  give  full  credit  for  everything  that  has 
been  extracted,  quoted,  and  compiled,  and  we  can  only  in  this 
very  general  way  acknowledge  our  indebtedness  to  the  large 
number  of  authors  and  engineers  whom  we  have  failed  to 
mention  by  name  in  the  text. 

No  one  appreciates  as  fully  as  does  the  editor  of  such  a  pub- 
lication the  value  of  the  suggestions  and  data  that  have  been 
so  generously  furnished  to  assist  us  in  the  compilation.  We 
shall  be  greatly  obliged  to  all  readers  of  this  volume  who  may 
call  our  attention  to  any  errors  that  they  may  discover,  or  to 
the  omission  of  any  data  that  they  may  feel  the  lack  of,  so 
that  attention  may  be  given  to  these  matters  in  future  editions. 
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WEIGHTS    AND    MEASURES. 


THE    METRIC   SYSTEM. 

Sinoe  the  metric  eystem  is  the  adopted  system  in  many  countries,  and  as 
it  is  almost  universally  used  in  connection  with  scientific  work,  a  brief 
description  of  it  is  here  given  as  preliminary  to  the  following  tables  of  weights 
and  measures. 

The  metric  system  has  three  principal  units: 

1.  The  meter,  or  unit  of  length,  supposed  to  be  the  one  ten-millionth  part 
of  the  distance  fVom  the  eouator  to  the  pole  on  the  meridian  of  longitude 
passing  through  the  city  of  Paris.  Its  actual  value  is  39.370432  in.,  the  stand- 
ard authorizea  by  the  United  States  Government  being  39.37  in.    According 

to  this  standard,  1  yd.  =  ^^  meter. 

2.  The  gram,  or  unit  of  weight,  is  the  weight  of  a  cubic  centinueter  of  dis- 
tilled water  at  4^  centigrade  and  776  millimeters  of  atmospheric  measure. 
The  kilogram  (Kg.)  =  1,000  crams  =  2.204&lb.,  is  the  ordinary  unit  of  weight 
corresponding  to  tne  E^lish  pound.  According  to  the  Umted  States  Gov- 
ernment regulations,  1  lb.  avoirdupois  =  'o^xiif,  ^^^^ogram. 

3.  The  liter,  or  unit  of  liquid  volume,  is  the  volume  of  1,000  cubic  centi- 
meters of  distilled  water  at  4°  centigrade  and  776  millimeters  pressure. 

Multiples  of  these  units  are  obtained  by  prefixing  to  the  names  of  the 
printed  units  the  Greek  words  deka  (10),  hekto  (100),  kUo  (1,000).  The  sub- 
multiples  or  divisions  are  obtained  by  prefixing  the  Latin  words  deci  (^), 
cenU  (U,),  and  mUli  (x^)-  The  abbreviations  of  these  several  units  as  given 
in  the  roilowing  tables  are  those  commonly  used.  The  kilogram-meter  Is  the 
work  done  in  raising  1  kg.  through  a  height  of  1  m.,  and  equals  7.233  ft.-lb. 
One  metric  horsepower  (force  de  cheval  or  cheval  vapeur)  equals  .98633  English 
horsepower.  

TROY   WEIGHT. 

24  grains  =  1  pennyweight. 

20  pennyweights  =  1  ounce  =  480    grains. 

12  ounces  =  1  pound  =  5,760  grains  =  240  pennyweights. 

In  troy,  apothecaries',  and  avoirdupois  weights,  the  grains  are  the  same. 


APOTHECARIES'   WEIGHT. 


20  grains     =  1  scruple. 

3  scruples  =  1  dram      =      60  grains. 

8  drams     =  1  ounce     =     480  grains  =    24  scruples. 
;2  ounces    =  1  pound*   —  5,760  grains  =  288  scruples   =  96  drams. 


WEIGHTS  AND  MEASURES. 


AVOIRDUPOIS  WEIGHT. 


27.34375  grains 
16  drams 
16  ounces 
28  pounds 
4  quarters 


:  1  drauL 

:  1  ounce 

■■  1  pound 

■■  1  quarter 

:  1  hundredweight 


20  hundredweight  =  1  ton 
1  stone 
1  quintal 
1  "  short  ton  " 
1  "long  ton" 
1  ounce  troy  or  apothecaries'   =  1.09714 
1  pound  troy  or  apothecaries*  =    .82286 
1  ounce  avoirdupois  =    .911468 

1  pound  avoirdupois  =  1.21628 


=  437t  grains. 

=  7,000  grains  =  256  drams. 

=     448  ounces. 

=     112  i)ounds. 

=  2,240  pounds. 

=      14  pounds. 

=     100  pounds, 

=  2,000  pounds. 

=  2,240  pounds. 

avoirdupois  ounces. 

avoirdupois  pound. 

troy  or  apothecaries'  ounce. 

troy  or  apothecaries'  pounds. 


METRIC   WEIGHT. 

10  milligrams  (mg.)    =  1  centigram  (eg.) 

= 

,15432  grain. 

10  centigrams 

=  1  decigram  (dg.) 

= 

1.5432     grains. 

10  decigrams 

=  1  gram  (g.) 

=  1  decagram  (Dg.) 

=  1  hectogram  (Hg.) 

=  1  kilomm  (Kff.) 

=  1  myrlagram  (Mg.) 

=  1  quintal  (Q.) 

=  1  tonneau,  millier,  or  tonne 

= 

15.432      grains. 
.022046  lb.  avoir. 

10  grams 

10  hectograms 

= 



.22046  lb.  avoir. 
2.2046     lb.  avoir. 

10  kilograms 
10  mynagrams 
10  quintals 

= 

22.046      lb.  avoir. 

= 

220.46        lb.  avoir. 

TH 

2,204             lb.  avoir. 

MEASURES  OF  LENG 

AMERICAN  AND  BRITISH. 


12  inches 

3  feet 

6  feet 
66  feet 
10  chains 


=  1  foot. 

=  1  yard       =    36  in. 
=  1  fathom  =     2  yd. 
=  1  chain*  =    11  fath. 
1  furlong  =  110  fath. 


=    72  in. 
=    22  yd.     = 
220  yd.     = 


792  in. 
660  ft. 


7,620  in. 


8  furlongs  =  1  mile       =    80  chains  =  880  fath.  =  1,760  yd.  =  5,280  ft.  - 
A  nautical  mile,  or  knot  =  1.15136  statute  miles.         [63,360  in. 
A  league  =  3  nautical  miles. 

•  The  chain  of  66  ft.  is  pr»cticall j  obsolete.  Chains  of  50  or  100  ft.  are  noir  used  exclaslvely  bj 
American  surveyors. 

To  Reduce  Inches  to  Decimels  of  e  Foot.— Divide  the  number  of  inches  bT 
12.  Thus,  7  in.  =  7-^-12,  or  .58333  ft.  To  reduce  fractions  of  inches  to  deci- 
mals of  a  foot,  divide  the  fraction  by  12,  and  then  divide  the  numerator  of 
the  quotient  by  the  denominator.    Thus,  i  in.  =  i  -;- 12  =  A.    ^  =  .0313  ft. 

The  annexed  scale  shows  on  one  side,  proi)ortionately  reduced,  a  scale  of 
tenths.  On  the  other,  a  scale  of  twelfths,  corresponding  to  inches.  To 
reduce  inches  to  decimal  parts  of  a  foot,  find  the  number  of  inches  and 
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fractional  parts  thereof  on  the  side  marked  "inches."  Opposite,  on  the 
scale  of  tenths,  will  be  found  the  decimal  part  of  a  foot.  Thus,  if  we  want 
to  find  the  decimal  part  of  a  foot  represented  by  7i  inches,  we  find  the  mark 
corresponding  to  7^  inches  on  the  side  marked  "inches."  Opposite  this 
mark  we  read  6  tenths,  2  hundredths,  and  5  thousandths;  or,  expressed 
decimally,  .625. 


MEASURES  OF  LENGTH. 


DKCIMALS  OP  A  FOOT  FOR   EACH  1-32  OP  AN  INCH. 


Incli.      0" 


0  .0833 

.0026  .0659 

.0052  .0885 

1.0078  .0911 


1.0104 
,.0130 
1.0156 
,.0182 
.0208 
.0234 
.0260 


.0937 
.0964 
.0990 
.1016 
.1042 
.1068 
1094 


.02861.1120 
.0312  .1146 
.0339 i. 1172 


.0365 
.0391 
.0417 
.0443 
.0469 
.0495 
.0521 
.0547 
.0573 
.0599 
.0625 
.0651 
.0677 
.0703 
.0729 
.0755 
,0781 


1198 
.1224 
.1250 
.1276 
.1302 
.1328 
.1354 
.1380 
.1406 
.1432 
.1458 
.1484 
.1510 
.1536 
.1562 
.1589 

1615 


.  .0807 1 .1641 


I 


8"  I  9"   10"  11" 


.1667 : 
.1693 
.1719) 
.1745; 
.17711 
.1797 1 
.18231 
.18491 
.1875 
.1901 
.19271 
.19531 
.1979 
.2005 1 
.2031 
.2057! 
.2083 
.2109 
.2135 
.2161 
.2188 
.2214 
.2240 
.2266 
.2292 
.2318 
.2344 
.2370 
.2396 
.2422 
.2448 
.2474 


.2500 1 
.25261 
.2552 1 
.2578, 
.26041 
.2630' 
.2656; 
.2682] 
.2708! 
.27341 
.2760, 
.27861 
.2812' 
.2839 
.2865 
.2891 
.2917 
.2W3 
.2969 
.2995 
.3021 
.3047 
.3073 
.3099 
.3125 
.3151 
.3177 
.3203 
.3229 
.3255 
.3281 
.3307 


.3333 1 .4167 
.3359 1 .4193  i 
.:)385  .42191 
.ft411,.4245, 
.3437 .  .4271 
.3464  .4297; 
.3490,. 4323 
.35161.4349 
.3M2I.4375I 
.3568  ■  .4401 
.3504 ,  .4427 ' 
.3620 '.4453 
.3646  .4479 1 
.3672  .4501 
.3698  .4531; 
.3724 ; .4557 1 
.3750  .4583 
.3776  .4609 
.3802  .4635 
.3828 '.4661 
.3854  .4688 
.38S0  .4714 
.3906 '.4740 
.3932  .4766] 
.3958 '.4792 1 
39K4  .4818 


.4010 
.40:^6 
.4062 


,48441 
.4870; 

,4896 


.4089  .49221 
.4115  .4948' 
.4141  .4974 


,5000 
,5026 
,5052 
,5078 
,5104 
6130 
,5156 
5182 
5208 
52:^4 
5260 
5286 
5312 
5339 
53l>5 
5391 
5417 
5443 
5469 
5495 
5521 
5M7 
5573 
5599 
5625 
5651 
5677 
5703 
5729 
5755 
5781 
,5807 


.58331.6667 
.5859:. 6693 
.5885.. 6719 
.5911  .6745 
.5937 1 .6771 
.5964  .6797 


.5990 
.6016 
.6042 
.6068 
.6004 
.6120 
.6146 
.6172 
.6198 
.6224 
.6250 
.6276 
.mfl 
.6:128 
63M 
,6380 


.6823 
.6849 
.6875 
.6901 
.6927 
.6953 
.6979 
.7005 
.7031 
.7057 
.7083 
.7109 
.7135 
.7161 
.7188 
'214 


500  .8333 

526 1.8359 
552 1 .83K5 
578  .Wll 
.W37 
.j^(>4 
.^490 
.8516 
.8M2 
.8568 


.7604 
.7630 
.7656 
.7682 
.7708 
.77^ 


.6406',. 7240 


.6432 

.M58 
.OlM 
.6510 
.6536 


.7266 
.7292 
.7318 
.7344 
.7370 


v 


,rv562 1.7396 
,()589!.7422 
.6615 1 .7448 
.6641 1 .7474 


.7760.. 8594 
.7786  .8620 
.7812 1 .8646 
.7839 ,  .8672 
.7865 1 .8698 
.7891  .8724 
.7917  .8750 
.7043 1 .8776 
.7969  .8802 
.7995  .8828 
.8021 ;  .8854 
.8047  1 .8880 
.8073 1 .8<K)6 
.8099  .8932 
.8125 . .8958 
.8151 : .8984 


.8177 
.820:^ 
.8229 
.8255 


.9010 
.9036 
.9062 
.9089 


.8281  .9115 
.8307 !  .9141 


.9167 
.9193 
.9219 
.9245 
.9271 
.9297 
.9323 
.9349 
.9375 
.9401 
.9427 
.9453 
.9479 
.9505 
.9531 
.9557 
.9583 
.9609 
.9635 
.9661 
.9688 
.9714 
.9740 
.9766 
.9792 
.9818 
.9844 
.9870 
.9896 
.9922 
.9948 
.9974 


METRIC  SYSTEM. 

10  xnillimetere  (mm.)  =  1  centimeter  (cm.) 

10  centimetera  =^  1  decimeter  (dm.) 

10  decimeters  =  1  meter  (m.) 

10  meters  ^  1  decameter  (Dm.) 

10  decameters  =  1  hectometer  (Hm.) 

10  hectometers  =  1  kilometer  (Km.) 

10  kilometers  =  1  myriameter(Mm.) 


.3937079  inch. 
3.937079   inches. 
3.2808992  feet. 
10.9363       yards. 
109.363        yards. 
.6213824  mile. 
6.213824   miles. 


RUSSIAN. 

12  inches    =  1  foot    =  1  American  foot. 
7  feet         =  1  sachine,  or  sagene. 
500  sachine  --  1  verst  =  3,500  feet. 


PRUSSIAN,   DANISH,  AND    NORWEGIAN. 

12  inches  =^  1  foot  =    1.02972  American  feet. 

12  feet       -=  1  ruth  -=  12.35664  American  feet. 

2,000  ruths    ^  1  mile  ^    4.68-t-    American  miles. 


AUSTRIAN. 

12  inches    =^  1  foot  =  1.03713  American  feet. 
6  feet         ^-  1  klafter.  . 

4,000  klaflers  -=  1  mile  =  4.71+    American  miles. 


iQle 


WEIGHTS  AND  MEASURES, 


SWEDISH. 

12  inches    =  1  foot  =    .97410  American  foot. 
6  feet         =  1  fathom. 
6,000  fathoms  ^  1  mile  =  6.64+   American  miles. 


CHINESE. 

1  chlh     =  1.054  American  feet. 

10  chih     =  1  Chang  =      10.54  American  feet. 

180  Chang  =  1  li  =  1,897       American  feet 


MEASURES   OF  AREA. 


AMCmCAN    AND    BRITISH. 

144  sq.  inches  =  1  square  foot. 
9  sq.  feet       =  1  square  yard  =  1,296  sq.  in. 
30isq. yards  =  1  perch  =»    272i sq.ft. 

40  perches      =  1  rood  =  1,210  sq.  yd.   =  10,890  sq.  ft. 

4  roods         =  1  acre  =     160  perches  =   4,840  sq.  yd.  ■■ 

640  acres  =  1  square  mile. 


^43,560  sq.ft. 


Square 
Feet. 


TABLE    FOR    REDUCING   SQUARE    FEET  TO   ACRES. 

>quare 
Feet. 


100,000,000 
90,000,000 
80,000,000 
70,000,000 
60,000,000 
50,000,000 
40,000,000 
30,000,000 
20,000.000 
10,000,000 


9,000,000 
8,000,000 
7,000,000 
6,000,000 
6,000,000 
4.000,000 
3,000.000 
2,000,000 
1,000,000 


Acres. 


2,2yo.li84 
2,066.116 
l,H3fi..M7 

l,(i<iti.'j79 

],;;T7.no 

],M7.sl2 
'.)]s.L'74 

229.568 


206.612 
183.655 
160.698 
137.741 
114.784 
91.827 
68.870 
45.914 
22.957 


900,000 
800,000 
700,000 
600,000 
500,000 
400.000 
300,000 
200,000 
100,000 


90,000 
80,000 
70.000 
60,000 
60,000 
40.000 
30,000 
20.000 
10,000 


Acres. 


20.661 
18.365 
16.070 
13.774 
11.478 
9.183 
6.887 
4.591 
2.296 


2.066 

1.836 

1.607 

1.377 

1.148 

.918 

.689 

.459 

.230 


Square 
Feet. 


9,000 
8,000 
7,000 
6,000 
5,000 
4,000 
3,000 
2,000 
1,000 


900 
800 
700 
600 
600 
400 
300 
200 
100 


Acres. 

Square 
Feet. 

Acres. 

.207 

90 

.0021 

.184 

80 

.0018 

.161 

70 

.0016 

.138 

60 

.0014 

.115 

50 

.0011 

.092 

40 

.0009 

.069 

30 

.0007 

.046 

20 

.0005 

.023 

10 

.0002 

.021 

9 

.00021 

.018 

8 

.00018 

.016 

7 

.00016 

.014 

6 

.00014 

.011 

5 

.00011 

.009 

4 

.00009 

.007 

3 

.00007 

.005 

2 

.00006 

.0023 

1 

.00002 

METRIC   SYSTEM. 


orsq.  m.) 


1  square  meier,  or  ceniare  ^^in.»  or  sq. 

1  square  decameter,  or  are  (sq.  Dm.) 

1  hectare  (ha.) 

1  square  kilometer  (sq.  Km. ) 

1  square  myriameter  (sq.  Mm. 


.001550  sq.  In. 

.155003  sq.  in. 

15.5003  sq.  in. 

10.764101  sq.  ft.  ■ 

=   .024711  acre. 

=  2.47110  acres. 

=  247.110   acres. 

Digitizefff,    38.61090   sq.mi. 


MEASURES  OF  VOLUME. 
MEASURES   OF  VOLUME. 


AMERICAN    AND    BRITISH. 

1,728  cubic  inches  =  1  cubic  foot. 
27  cubic  feet      =  1  cubic  yard. 
I    A  cord  of  wood  »  128  cu.  ft.,  or  a  pile  of  wood  8  ft.  long,  4  ft.  wide,  and 
!  4 it.  hifh  »  1  cord.    A  perch  of  masonry  contains  24)  cu.  ft.;  but  in  practice 
it  is  taken  as  25  cu.  ft. 

A  ton  (2,210  lb.)  of  Pennsylvania  anthracite,  when  broken  for  domestic 
Qtt, occupies  about  42  cu.  ft.  of  space;  bituminous  coal,  about  46  cu.  ft.;  and 
coke,  about  88  cu.  ft.  A  bushel  of  coal  is  80  lb.  in  Kentucky,  Illinois,  and 
Missouri,  76  lb.  in  Pennsylvania,  and  70  lb.  in  Indiana. 


MKTRIC  SYSTEM. 

1  milliliter,  or  cu.  centimeter  (cc.  or  cm.')  »  .0610254  cu.  in. 

1  centiliter  (cl.)  =  .610254  cu.in. 

1  deciliter (dl.  or dl.»)  =-  6.10254  cu.in. 

1  liter,  or  cu.  decimeter  (1^  .  =  61.0254  cu.  in. 

1  decaliter,  or  centistere  ( DI.  or  dal. )  =  .353156  cu.  ft. 

1  hectoliter,  or  decistere  (HI.)  =  3.53156  cu.ft. 

1  kiloliter,  or  cu.  meter,  or  stere  (Kl.  or  cm.*)  =  35.3156  cu.  ft. 

1  myrialiter,  or  decastere  (Ml.)  =  853.156  cu.  ft. 


LIQUID    MEASURE    (u.  S.). 

4  gills  =  1  pint  =  16  liquid  oz.  ==    28.876  cu.  in. 

2  pints  =  1  quart        =    8  gills  =    57.75   cu.  in. 

4  quarts         =  1  gallon       =  32  gills  =  8  pints  =  231        cu.  in. 
Sli  gallons        »  1  barrel       —  7,276|^  cu.  in.  «  4.21       cu.  ft. 

63  gallons       =  1  hogshead. 
2  hogsheads  =>  1  pipe. 
2  pipes  =  1  tun. 

A  box  19|  in.  on  each  side  contains  1  barrel. 


DRY    MEASURE  (U.  S.). 

2piiiU     =1  quart     =   67.2006 cu.in.  =  1.16365 liquid  qt. 

Quarts  =  1  gallon  =  268.8025  cu.  in.  =  1.16365  liquid  gal. 

^gallons  =  1  peck     =     8  quarts  =  537.6050  cu.  in. 

Specks    =  1  bushel  =>    64 pints  =  32  quarts  =  8 gal.  =  2,150.42  cu.  in. 


BRITISH    IMPERIAL   MEASURE,   BOTH    LIQUID   AND    DRY. 

4  gills  =  1  pint  =  34.6592  cu.  in. 
2  pints  =  1  quart  =  69.3185  cu.  in. 
4  quarts  =  1  gallon  =  277.274  cu.  in. 
8  quarts  =  1  peck  =  554.548  cu.  in. 
4  pecks  =  1  bushel  =  2,218.192  cu.  in. 


The  standard  U.  S.  bushel  is  the  Winchester  bushel,  which  is  in  cylinder 
form,  ig|  inches  cUameter  and  8  inches  deep,  and  contains  2,150.42  cubic 
inches. 

The  British  f!nperial  bushel  is  based  on  the  Imperial  gallon  and  con- 
<4ing88uch  gallons,  or  2,218.192  cubic  inches  =  1.2837  cubic  feet. 

Capacity  of  a  cylinder  in  U.  S.  gallons  =  square  of  diameter  in  inches 
X height  in  inches  X  .0034  (accurate  within  1  part  in  100,000). 

Capacity  of  a  cylinder  in  U.  S.  bushels  =  square  of  diameter  in  inches 
X  height  in  inches  X. 0008652.  .  ^ 


WEIGHTS  AND  MEASURES, 


CONTENTS  OP  CYLINDERS  OR  PIPES  FOR  1  FOOT  IN    LENGTH. 

The  contents  of  pipes  or  cylinders  in  gallons  or  pounds  are  to  each  other 
as  the  squares  of  their  diameters.  Thus,  a  pipe  9  ft.  in  diameter  will  contain 
9  times  as  much  as  a  3'  pipe,  or  4  times  as  much  as  a  4i'  pipe. 

Diameters  in  Inches. 


Diam. 

Diameter 

Gallons  of 
231  Cu.  In. 

Weight  of 
Water  in  Lb. 

Diam. 

Diameter 

Gallons  of 
281  Cu.  In. 

Weight  of 
Water  in  Lb. 

Inches. 

of  a  Foot. 

(U.  S.  Stand- 
ard.) 

in  1  Ft.  of 
Length. 

Inches. 

of  a  Foot. 

(U.  S.  Stand- 
ard.) 

in  1  Ft.  of 
Length. 

1 

.0208 

.0025 

.02122 

5 

.4167 

1.020 

8.488 

i 

.0417 

.0102 

.08488 

5i 

.4583 

1.234 

10.270 

* 

.062.5 

.0230 

.19098 

6 

.5000 

1.469 

12.223 

1 

.0833 

.0408 

.33952 

6k 

.5417 

1.724 

14.346 

u 

.1(M2 

.0638 

.53050 

7 

.5833 

1.999 

16.636 

u 

.1250 

.0918 

.76392 

7i 

.6250 

2.295 

19.098 

n 

.1458 

.1249 

1.0398 

8 

.6667 

2.611 

21.7*29 

2 

.1667 

.1632 

1.3581 

8i 

.7083 

2.948 

24,530 

21 

.1875 

.2066 

1.7188 

9 

.7500 

S-Sa*) 

27.501 

2i 

.2083 

.2550 

2.1220 

9i 

.7917 

3.682 

30.641 

2f 

.2292 

.3085 

2.5676 

10 

.8333 

4.080 

33.952 

3 

.2500 

,3672 

3.0557 

m 

.8750 

4.498 

37.432 

3i 

.2917 

.4998 

4.1591 

11 

.9167 

4.937 

41.082 

4 

.3333 

.6528 

5.4323 

IH 

.9583  . 

5.396 

44.901 

4i 

.3750 

.8263 

6.8750 

12 

1.0000 

5.875 

48.891 

Diameters  in  Feet. 


u 

1.25 

9.18 

76.392 

'    10 

10.00 

587.6 

4,889.12 

1* 

1.60 

13.22 

110.00 

10^ 

10.50 

647.7 

5,404.24 

u 

1.75- 

17.99 

149.73 

11 

11.00 

710.9 

5,916.84 

2 

2.00 

23.50 

195.56 

lU 

11.50 

777.0 

6,485.72 

2f 

2.25 

29.74 

247.51 

12 

846.1 

7,040.00 

2i 

2.50 

36.72 

305.57 

13 

992.8 

8,710.00 

21 

2.75 

44.43 

369.74 

14 

1,152.0 

10,096.00 

3 

3.00 

52.88 

440.00 

15 

1,322.0 

11,000.50 

3i 

3.25 

65.28 

544.37 

16 

1,504.0 

12,516.00 

3i 

3.50 

71.97 

631.00 

17 

1,698.0 

14,166.00 

31 

3.75 

82.62 

687.53 

18 

1,904.0 

15,841.00 

4 

4.00 

94.0 

782.24 

19 

2,121.0 

17,691.00 

4i 

4.25 

106.1 

885.40 

20 

2,350.0 

19,556.50 

4i 

4.50 

119.0 

990.04 

21 

2,591.0 

21,617.00 

4* 

4.75 

132.5 

1,105.71 

22 

2,844.0 

23,663.00 

5 

5.00 

146.9 

1,222.28 

23 

3,108.0 

25,943.00 

5i 

5.25 

161.9 

1,351.06 

24 

3,384.0 

28,160.00 

5i 

5.50 

177.7 

1,478.96 

25 

3,672.0 

30,557.00 

5* 

5.75 

194.3 

1,621.43 

26 

3,971.0 

34,^0.00 

6 

6.00 

211.5 

1,760.00 

27 

4,283.0 

35,641.00 

6f 

6.25 

229.5 

1,915.18 

28 

4.606.0 

40,3»4.00 

6t 

6.50 

248.2 

2,177.48 

29 

4,941.0 

41,117.00 

61 

6.75 

267.7 

2,233.96 

30 

5,288.0 

44,002.00 

7 

7.00 

287.9 

2,524.00 

31 

5,646.0 

46,984.00 

7i 

7.50 

330.5 

2,750.12 

32    1       

6,617.0 

50,064.00 

8 

8.00 

376.0 

3,128.96 

33 

6,398.0 

53.242.00 

8i 

8.50 

424.5 

3,&41.60 

34 

6,792.0 

56.0&4.00 

9 

9.00 

475.9 

3,960.16 

35    1       

7,197.0 

59,891.50 

9i 

9.60 

530.2 

4,422.84 

36    ' 

7,614.0 

63,364.00 
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WEIOITTS  AND  MEASURES. 


MEXICAN,   CENTRAL   AMERICAN,  AND   SOUTH    AMERICAN 
WEIGHTS   AND    MEASURES. 

The  following  table  elves  weights  and  measures  In  commercial  use  in  Mex- 
ico and  the  republics  of  Central  and  South  America,  and  their  equivalents 
in  the  United  States.    Published  by  the  Bureau  of  the  American  Republics. 

U.  S.  Equivalents. 


Denomination. 


Where  Used. 


Arobe 

Arroba(dry)  

Arroba  (dry)   

Arroba  (dry)   

Arroba  (dry)  

Arroba  (liquid) ... 

Barril 

Carga 

Centavo 

Cuadra  

Cuadra   

Cuadra  (square)... 

Cuadra     

Fanega  (dry] 
Fanega  (dry 
Fanega  (dry; 
Fanega  (dry] 
Fanega  (dry] 
Fanega  (dry) 
Fanega  (dry) 

Frasco 

Frasco 

League  (land). 

Libra 

Libra  

Libra 

Libra 

Libra 

Libra 

Libra  

Libra  , 

Livre  

Manzana  

Marc 

Pie  

Quintal 

Quintal 

Quintal 

Quintal 

Suerte 

Vara 

Vara 

Vara 

Vara 

Vara 

Vara 

Vara 


Paraguay 

Argentine  Republic  

Brazil 

Cuba 

Venezuela  

Cuba  and  Venezuela 

Argentine  Republic  and  Mexico 

Mexico  and  Salvador  

Central  America 

Argentine  Republic 

Paraguay 

Paraguay 

Uruguay  

Central  America 

Chile 

Cuba 

Mexico 

Uruguay  (double)  

Uruguay  (single) 

Venezuela 

Argentine  Republic  

Mexico , 

Paraguay 

Argentine  Republic  

Central  America 

Chile 

Cuba 

Mexico 

Peru  

Uruguay  

Venezuela 

Guiana 

Costa  Rica 

Bolivia 

Argentine  Republic  

Argentine  Republic  

Brazil    

Chile,  Mexico,  and  Peru 

Paraguay 

Uruguay  

Argentine  Republic  

Central  America 

Chile  and  Peru 

Cuba 

Mexico 

Paraguay 

Venezuela  


25  pounds. 
25.8175  pounds. 
32.88  pounds. 
25.3664  pounds. 
25.4024  pounds. 
4.263  gallons. 
20.0787  gallons. 
300  pounds. 
4.2631  gallons. 
4.2  acres. 
78.9  yards. 
8.077  square  feet. 
2  acres  (nearly). 
1.5745  bushels. 
2.575  bushels. 
1.599  bushels. 
1.54728  bushels. 
7.776  bushels. 
3.888  bushels. 
1.599  bushels. 
2.5096  quarts. 
2.5  quarts. 
4,633  acres. 
1.0127  pounds. 
1.043  pounds. 
1.014  pounds. 
1.0161  pounds. 
1.01465  pounds. 
1.0143  pounds. 
1.0143  pounds. 
1.0161  pounds. 
1.0791  pounds. 
IS  acres. 
.507  pound. 
.9478  foot. 
101.42  pounds. 
130.06  pounds. 
101.61  pounds. 
100  pounds. 
2,700  cuadras. 
34.1208  inches. 
38.874  inches. 
33.367  inches. 
33.384  inches. 

33  inches. 

34  inches. 
33.384  inches. 


CONVERSION  TABLES. 

(  United  States  Coast  and  Geodetic  Survey.) 
The  method  of  using  the  following  tables  for  converting  United  States 
weights  and  measures  into  metric  weights  and  measures  will  be  understood 
by  the  following  example: 
Find  the  number  of  kilometers  in  125  miles. 

From  column  "  Miles  to  Kilometers,"  1  mile  =  1.60935  kilometers,  or  100 
miles  =  160.935  kilometers;  2  miles  =  3.21869  kilometers,  or  20  miles  =  32.1869 
kilometers;  and  5  miles  =  8.04674  kilometers.  Hence,  125  miles  =  160.935  + 
32.1869  +  8.04674  =  201.16864  kilometers.  o 


WEIGHTS  AND  MEASURES, 


CUSTOMARY  TO   METRIO. 


Linear. 


Capacity. 


si 

1 

00  dt 

2 

03  •^ 

.■2§. 

1 

fa 

25.4 

0.304801 

0.914402 

50.8 

0.609601 

1.828804 

76.2 

0.914402 

2.743205 

101.6 

1.219202 

3.657607 

127.0 

1.524003 

4.572009 

152.4 

1.828804 

5.486411 

177.8 

2.133604 

6.400813- 

203.2 

2.438405 

7.315215 

228.6 

2.743205 

8.229616 

OQ  0) 

U4 


Fluid  Drams  to 
Millimeters, 

or  Cubic 
Centimeters. 

si 

fa^pg 

1' 

P 

3.70 

29.57 

0.94636 

7.39 

59.15 

1.89272 

11.09 

88.72 

2.83908 

14.79 

118.29 

3.78543 

18.48 

147.87 

4.73179 

22.18 

177.44 

5.67815 

25.88 

207.02 

6.62451 

29.67 

236.59 

7.57087 

33.27 

266.16 

8.51723 

eg 


1 

3.21869 
4.82804 
6.43739 
8.04674 


11.26543 
12.87478 
14.48412 


3.78543 
7.57087 
11.35630 
15.14174 
18.92717 
22.71261 
26.49804 
30.28348 
34.06891 


Square. 


Weight. 


03  r>  C 


6.452 
12.903 
19.355 
25.807 
32.258 
38.710 
45.161 
51.613 
58.065 


9.290 
18.581 
27.871 
37.161 
46.452 
55.742 
65.032 
74.323 
83.613 


l2  • 


0.836 
1.672 
2.508 
3.344 
4.181 
5.017 
5.853 
6.689 
7.525 


0.4047 
0.8094 
1.2141 
1.6187 
2.0234 
2.4281 
2.8328 
3.2375 
3.6422 


2i 

II 


64.7989 
129.5978 
194.3968 
259.1957 
323.9946 
388.7935 
453.5924 
518.3914 
583.1903 


28.3495 
56.6991 
85.0486 
113.3981 
141.7476 
170.0972 
198.4467 
226.7962 
255.1457 


0.46359 
0.90719 
1.36078 
1.814.S7 
2.26796 
2.72156 
3.17515 
3.62874 
4.08233 


O  OQ 

|3 


31.10348 
62.20696 
93.31044 
124.41392 
155.51740 
186.62088 
217.72437 
248.82785 
279.93133 


Cubic. 


Cubic  Inches 

to  Cubic 
Centimeters. 

III 

P^ 

1=' 

16.387 

.02832 

0.765 

32.774 

.05663 

1.529 

49.161 

.08495 

2.294 

66.549 

.11327 

3.058 

81.936 

.14158 

3.823 

98.323 

.16990 

4.687 

114.710 

.19822 

6.352 

131.097 

.22654 

6.116 

147.484 

.25485 

6.881 

PQW 


Miscellaneous. 


0.35239 
0.70479 
1.05718 
1.40957 
1.76196 
2.11436 
2.46675 
2.81914 
3.17154 


1  Gunter's  chain    =  20.1168  meters. 

1  sq.  statute  mile   =  259.000  hectares. 

1  fathom                =  1.829  meters. 

1  nautical  mile      =  1,853.25  meters. 

1  ft.  =  .304801  meter  9.4840158  log. 

1  avoir,  pound       =  453.5924277  gram. 

15,432.35639  grains  =  1  kilogram. 
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CONVERSION  TABLES. 


9 


The  method  of  nsiiig  the  following  tables  for  oonverttng  metric  weights 
and  measures  into  United  States  weights  and  measures  may  be  understood 
by  the  following  example: 

Find  the  number  of  yards  in  86  meters. 

From  column  "  Meters  to  Yards,"  8  meters  =  8.748889  yards,  or  80  meters 
=  87.48889  yards;  and  6  meterp  «  6.561667  yards.  Hence,  86  meters  = 
87.48889  +  6.661667  =  94.050557  yards. 


METRIC  TO    CUSTOMARY. 


LiNSAB. 


II 
IS 


39.37 

78.74 

118.11 

157.48 

196.85 

61236.22 

7  275.59 

8 ;  314.96 

91354.83 


6.66167 
9.84250 
13,12333 
16.40417 
19.68500 
22.96583 
26.24667 
29.52760 


k 


1.093611 
2.187222 
3.280883 
4.374444 
5.468056 
6.561667 
7.655278 
8.748889 
9.842500 


0.62137 
1.24274 
1.86411 
2.48548 
3.10685 
3.72822 
4.34959 
4.97096 
5.59233 


Square. 


III 


0.155 
0.310 
0.465 
0.620 
O.T76 
0.930 
1.085 
1.240 
1,395 


10.764 
21.528 
32.292 
43.055 
53.819 
64.583 
75.347 
86.111 
96.875 


1.1% 
2.392 
3.588 
4.784 
5.980 
7.176 
8.372 
9.568 
10.764 


2.471 
4.942 
7.413 
9.884 
12.365 
14.826 
17.297 
19.768 
22.239 


Cubic. 


111 


.0610 
.1220 
.1831 
.2441 
.3051 
.3661 
.4272 


lis 


61.023 
122.047 
183.070 
244.094 
305.117 
366.140 
427.164 
488.187 
.5492    549.210 


36.314 
70.629 
105.943 
141.258 
176.572 
211.887 
247.201 
282.516 
317.830 


1.308 
2.616 
3.924 
5.23-2 
6.540 
7.848 
9.156 
10.464 
11.771 


Capacity. 


0.27 
0.54 
0.81 
1.08 
1.35 
1.62 
1.89 
2.16 
2.43 


o.3:w 

1.0567 

0.676 

2.1134 

1.014 

3.1700 

1.353 

4.2267 

1.691 

5.2834 

2.029 

6.3401 

2.367 

7.3968 

2.705 

8.4535 

8.043 

9.5101 

2.6417 
5.2834 
7.9251 
10.5668 
13.2085 
15.8502 
18.4919 
21.1336 
23.7753 


2.8377 
6.6755 
8.5132 
11.3510 
14.1887 
17.0265 
19.8642 
22.7019 
25.5397 


Weight. 


so 

"T0T543~ 


.04630 
.06173 
.07716 
.09259 
.10803 
.12346 


2 

as 


15,432, 
30,864. 
46,297, 
61,729. 
77,161 
92,594, 

108.026. 

123,458. 

138,891 


36 


3.5274 


71  I     7.0548 


,07  10.5822 

43  I  14.1096 

78  17.6370 

14  21.1644 

49  24.6918 

85  28.2192 

.21  1  31.7466 


2.20462 
4.40924 
6.61387 
8.81849 
11.02311 
13.22773 
15.43236 
17.63698 
19.84160 


Weight— ( Continued). 


220.46 

440.92 

661.39 

881.85 

1,102.31 

1,322.77 

1,543.24 

1,763.70 

1,984.16 


sill 

SS2^ 


2,204.6 
4,409.2 
6,613.9 
8,818.5 
11,023.1 
13,227.7 
15,432.4 
17,637.0 
19,841.6 


32.1507 
64.3015 
96.4522 
128.6030 
1(J0.7537 
192.9044 
225.0552 
257.20" 
289.3{ 
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WEIOBTS  AND  MEASURES, 


METRIC   CONVERSION   TABLE. 

{Arranged  by  C.  W.  Hunt,  New  York.) 


Millimeters  X  .03937  =  in. 

Millimeters  -i-  '25 A  =  in. 

Centimeters  X  .3937  =  in. 

Centimeters  -j-  2.54  =  in. 

Meters  X  39.37  =  in.  (Act  Congress). 

Meters  X  3.281  =  ft. 

Meters  X  1.094  =  yd. 

Kilometers  X  .621  =  miles. 

Kilometers  -r- 1.6093  =  miles. 

Kilometers  X  3,280.7  =  ft. 

Square  millimeters  X  -0155  =  sq.  in. 

Square  millimeters  -e-  645.1  =  sq.  in. 

Square  centimeters  X  .155  =  sq.  in. 

Square  centimeters  -^  6.451  =  sq.  in. 

Square  meters  X  10.764  =  sq.  ft. 

Square  kilometers  x  247.1  =  acres. 

Hectare  X  2.471  =  acres. 

Cubic  centimeters  -h  16.383  =  cu.  in. 

Cubic  centimeters  -r-  3.69  =  fluid 
drams  (U.  S.  P.). 

Cubic  centimeters  -¥-  29.57  =  fluid  oz. 
(U.  S.  P.). 

Cubic  meters  X  35.315  =  cu.  ft. 

Cubic  meters  X  1.308  =  cu.  yd. 

Cubic  meters  X  264.2  =  gal.  (231 
cu.  in.). 

Liters  X  61.022  =  cu.  in.  (Act  Con- 
gress). 

Liters  X  33.84  =  fluid  oz.  (U.  S.  Phar.). 

Liters  X  .2642  =  gal.  (231  cu.  in.). 

Liters  -i-  3.78  =  gal.  (231  cu.  in.). 

Liters  -=-  28.316  =  cu.  ft. 

TonYies  X  1.102  =»  short  tons. 

Tonnes  X  .9839  =  long  tons. 


Hectoliters  X  3.531  =  cu.  ft. 
Hectoliters  X  2.84  =  bu.  (2,150.42 

cu.  in.). 
Hectoliters  X  .131  =  cu.  yd. 
Hectoliters  -f-  26.42  =  gal.  (231 

cu.  in.). 
Grams  x  15.432  =  gr.  (Act  Con- 


Grams  -f-  981  =  dynes. 

Grams  (water)  -^  29.57  =  fluid  oz. 

Grams  ^  28.35  =«  oz.  avoir. 

Grams  per  cu.  cent,  -t-  27.7  =  lb.  per 

cu.  in. 
Joule  X  .7373  =  ft. -lb. 
Kilograms  X  2.2046  =  lb. 
Kilograms  X  35.3  =  oz.  avoir. 
Kilograms  -v- 1,102.3  =  ton  (2,0001b.). 
Kilogr.  per  sq.  cent.  X  14.223  =  lb. 

per  sq.  in. 
Kilogram-meters  X  7.233  =  ft.-lb. 
Kilo  per  meter  x  .672  '  lb.  per  ft. 
Kilo  per  cu.  meter  X  .026  =  lb.  per 

cu.  ft. 
Kilo  per  cheval  X  2.235  =  lb.  per 

Kilowatts  X  1.34  =  H.  P. 
Watts  -=-  746  =  H.  P. 
Watts  ^  .7373  =  ft.-lb.  per  sec. 
Calorie  X  3.968  =  B.  T.  U. 
Cheval  vapeur  X  .9863  =  H.  P. 
(Centigrade  X  1.8)  +  32  =  degree  F. 
Franc  X  .193  =  dollars. 
Gravity  Paris  =  980.94  centimeters 
per  sec. 


United  States  Currency. 
10  mills     =  1  cent. 
10  cents     =  1  dime. 
10  dimes    =  1  dollar. 
10  dollars  =  1  eagle. 


MONEY. 


British  Money. 
4  farthings  =  1  penny. 
12  pence       =  1  shilling. 

20  shillings  =  1  pound  sterling. 

21  shillings  =  1  guinea. 


Standard  United  States  Coins. 


Gold. 

Silver. 

Denomination. 

Value. 

Weight. 

Denomination. 

Value. 

Weight. 

*  Dollar  

Quarter  eagle 

*  Three-doUar  piece 

Half  eagle 

Eagle  

Double  ea&rlc   

81.00 
2.50 
3.00 
5.00 
10.00 
20.00 

25.8  gr. 

64.5  gr. 

77.4  gr. 
129.0  gr. 
258.0  gr. 
516.0  gr. 

*  Trade  dollar... 
Standard  silver 

dollar 

Half  dollar  

Quarter  dollar... 
Dime  

«1.00 

1.00 
.50 
.25 
.10 

420.0    gr. 

412.5    gr. 
192.9    gr. 

96.45  gr. 

38.58  gr. 

'*  Fineness"  expresses  the  proportion  of  pure  metal  in  1,000  parts;  thus, 
'  900  fine  "  means  that  900  of  every  1,000  parts  are  pure  metal.    Fineness  of 


•  No  longer  coined. 
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U.  S.  coins  =  900  pure  metal,  100  alloy;  alloy  of  gold  coin  i«  copper  or  oonper 
&n<i  silver,  but  in  no  ease  shall  silver  exceed  ^  of  total  alloy.  Alloy  of  silver 
coin  is  copper. 

IHect.  Weight.  Contents. 

&-cent( nickel) 77.16  grains 75<  copper,  25^  nickel. 

*3-cent  :30     grains 7.=yi  copper,  25^^  nickel. 

*2-c€nt 66      grains a>ff  copper,  S^itin and  zinc. 

1-oent  (copper)  48      grains .95«t  copper,  5^  tin  and  zinc. 

•  Ko  longer  coined.  / 

Space  Required  to  Store  V.  8.  Coins. 


Description. 


CtoM  coins 

Silver  dollars 

Subsidiary  silver 


Amount. 


How  Put  Up. 


91,000.000  95.000  in  8-oz.  duck  bags 
l.UUO,000  1,000  in  Hk)z.  duck  bags 
1,000,000       1,000  in  8-oz.  duck  bags 


Space. 


Nearly  17  cu.  ft. 
250  cu.  ft. 
150CU.  ft. 


A  bag  of  standard  silver  dollars  occupies  a  space  12  in.  x  9  in.  x  4  in. 
To  Convert  Value  of  U.  8.  Coins  Into  English  Values  and  Vice  Versa. 
Ru\9.— Cents  {U.  S.) -^  t.0S771,  or  X  .Jl>9312       English  pence. 
Example.—    100  cents  X  .49812      49.312  wnce  =  4s.  1.312d. 
ftu\9.—En^ish pence  X  S.OfS771  -  cents  (  U.  S.). 
Example.—    food.  x  2.02771  -  202.771  cents   -  92.0277. 
^  .  Dollars  j   _.    ,. 

Rul«.—    —^^    =  pounds  sterling- 

Example.—  -.^J??^  =  £20.548.    £.548X^10  =  131 .5d.  =  lOs.  11.5d. 

4.8660 
Ru\9.— Pounds  X  A.S6ff5  ^  dollars  (U.S.).  ShiUkigs  X  «A.55«+  =  cents  ( U.  S.). 


VALUES  OF  FOREIGN  COINS.  U.  S.  TREASURY  DEFT.,  JAN.  1.  1899. 

Doubloon,  Central  America  914.50 

Doubloon,  Chile 3.650 

Doubloon,  New  Granada Ib.M 

Doubloon,  Hpain  and  Mexico    15.65 

Drachma,  Greece    193 

Ducat,     Austria,    Bohemia, 

Hamburg,  Hanover  2.28 

Ducat,  Denmark 1.11 

Ducat,  Sweden 2.20 

Escudo,  Chile 1.825 

Florin,  Austria-Hungary 1.929 

Florin,  Hanover  ( gold )    1 .  66 

Florin,  Hanover  (silver) 56 

Florin,  Holland,  South  Ger- 
many  38 

Florin,  Netherlands  402 

Florin,  Prussia 55 

Florin,  Silesia  48 

Franc,    Belgium,    Bulgaria, 
France,  Italy,  Roumania, 

Switzerland   193 

Gourde,  Hayti  965 

Groschen,  Prussian   Poland       .024 

Guinea,  Great  Britain  5.11 

Gulden,  Baden 40 

Imperial.  Russia 7.92 

Kran,  Persia 081 

Kreutzer,  Bavaria  0067 

tThe  British  dollar  has  the  same  legal  value  as  the  Mexican  dollar^iL  Hongkong,  the  Stra^' 
Bttlements,  and  Labnan.  Digitized  by  vnOi 


Argentine,     Argentine    Re- 
public    

Bolivar,  Venezuela 

Boliviano,  Bolivia 

Centen,  Cuba 

Colon  Costa  Rica  

9  4.824 
.19:^ 
.439 

5.017 
.465 

7.300 

9.647 
.0075 
.203 

.268 
1.06 
1.13 

.96 
1.95 

.96 

1.000 

Condor,  Chile   

Condor,  U.  S.of  Colombia  and 

Ecuador  

Coneck  Russia                   .    . 

Crown,  Austria-Hungary 

Crown,  Denmark,   Norway, 

and  Sweden  

Crown,  Germany 

Crown,  Great  Britain 

Crown,  Sicily 

Crown,  Spain  (half  pistole) 
Dollar  Bolivia 

t  Dollar,    British   Honduras, 
British  Possessions,  N.  A. 
( except     Newfoundland ) , 
and  Tiiheria-- - 

Dollar,     Chile,    Peru,    and 

Ecuador  

Dollar,  Mexican  (gold)    

Dollar,  Mexican  (silver) 

Dollar,  Newfoundland 

.93 

.98;} 

.477 

1.014 

Dollar,  U.  S.  of  Colombia 

.935 

12  WEIGHTS  AND  MEASUltES. 

VALUES  OF  FOREIGN   COlUS.—{Conttnwd.) 


Lira,  Italy «    .193 

Mark,  Finland 193 

Mark,  German  Empire 238 

Maximilian,  Bavaria 3.30 

Milreis,  Brazil  546 

Milreis,  Portugal l.t)80 

Mohur,  India 7.105 

Napoleon,  France  3.84 

Peseta,  Spain 193 

Peso,  Argentine  Republic ...       .965 

Peso,  Chile 365 

Peso,  U.  S.  of  Colombia 439 

Peso,  Cuba 926 

Peso,  Guatemala,  Honduras, 

Nicaragua,  Salvador 365 

Peso,  Uruguay 1.034 

Plaster,  Egypt  : 049 

Piaster,  Turkey .044 

Piastre,  Spain  1.04 

Pistole,  Rome 3.37 

Pistole,  Spain 3.90 

Pound,  Egypt   4.943 

Pound  Sterling,  Great  Britain     4.8665 
Ruble,  Russia  515 


Rupee,  India 

Shilling,  Great  Britain .... 

Sol,  Peru 

Sou,  France  

Sovereign,  Great  Britain . 

Sucre,  Ecuador. 

f  Amoy 


Tael,  China 


Canton 

Chefoo 

ChinKiang 

Fuehau 

Haikwan  (Cus- 
toms)  

Hankow  

Hongkong  

Niucnwang 

Ningpo 

Shanghai 

Swatow   

Takau  

I  Tientsin  

Toman,  Persia 

Yen,  Japan 


;  .208 
.243 
.439 
.01 
4.8665 
.439 
.710 
.708 
.679 
.693 
.656 

.722 
.664 
t 

.665 
.682 
.648 
.655 
.714 
.688 
3.409 
.498 


t  The  British  dollar  has  the  same  legal  value  as  the  Mexican  dollar  in  Hongkong,  the  Straits 
Settlements,  and  Labuan. 

The  carat  (a  24th  part)  is.  used  to  express  the  proportion  of  gold  in  an 
alloy;  thus,  gold  18  carats  fine  is  Jf  pure.  The  carat  is  also  a  unit  of  weight 
for  precious  stones.  Its  value  vanes  according  to  different  authorities,  but 
the  international  carat  is  3.168  grains,  or  206  milligrams. 


Grains.  Parts. 


Diamond  Weight  (Nystrom). 

Grains, 
Troy. 
=  4    =  64  =  3.2 
.25    =1    =  16  =  .8 
.015625  =   .0625  =  1  =  .05 
.3125   =12.5   =  20  =  1 
15.5    =  1  ounce 


Carats. 
1 


TIMBER    AND    BOARD    MEASURE. 


TIMBER    MEASURE. 

Voluma  of  Round  Timber.— The  volume  in  cuhic  feet  equals  the  length 
multiplied  by  one-fourth  the  product  of  mean  girth  and  diameter,  all  dimen- 
sions oeing  in  feet.  If  length  is  given  in  feet  and  girth  and  diameter  in 
inches,  divide  by  144;  if  all  dimenaons  are  in  inches,  divide  by  1,728. 

Volume  of  Square  Timber.— When  all  dimensions  are  in  feet: 

Rule.— Multiply  the  breadth  by  the  depth  and  that  product  by  the  len.0h,  and  the 
product  wiU  give  the  volume  in  ctdnc/eet. 

When  either  of  the  dimensions  is  in  inches: 

Rule. — Multiply  as  above  and  divide  by  H. 

When  any  two  of  the  dimensions  are  in  inches: 

Rn\t.—MvUiply  as  b^ore  and  divide  by  lUU. 
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i  Girths. 

Area  in 

i  Girths. 
Inches. 

Area  in 

i  Girths. 

Area  in 

Inches. 

Feet. 

Feet. 

Inches. 

Feet. 

6 

.250 

12^ 

1.04 

19 

2.50 

H 

.272 

12i 

1.08 

19* 

2.64 

6h 

.294 

12* 

1.12 

20 

2.77 

61 

.317 

13 

1.17 

20* 

2.91 

7 

.340 

13* 

1.21 

21 

3.06 

7i 

.364 

13 

1.26 

21* 

3.20 
3.36 

n 

.390 

13 

1.31 

22 

71 

.417 

14 

1.36 

22* 

3.51 

8 

.444 

14i 

1.41 

23 

3.67 

8i 

.472 

14* 

1.46 

23* 

3.83 

8i 

.501 

14* 

1.51 

24 

4.00 

8f 

.581 

15 

1.56 

24i 

4.16 

9 

.562 

15i 

1.61 

25 

4.34 

9;^ 

.594 

15* 

1.66 

25* 

4.51 

9* 

.626 

15* 

1.72 

26 

4.69 

91 

.669 

16 

1.77 

26* 

4.87 

10 

.694 

m 

1.83 

27 

5.06 

1(H 

.730 

16* 

1.89 

27* 

5.25 

lot 

.766 

16* 

1.94 

28 

5.44 

101 

.803 

17 

2.00 

28i 

5.64 

11 

.840 

m 

2.09 

29 

5.84 

lU 

.878 

17* 

2.12  . 

29* 

6.04 

Hi 

.918 

17* 

2.18 

30 

6.25 

11* 

.959 

18 

2.25 

12 

1.000 

18* 

2.37 

Area  corresponding  to  i  girth  (mean)  in  inches  multiplied  by  length 
in  feet  equal  solidity  in  feet  and  decimal  parts. 


BOARD    MEASURE. 

In  measuring  boards,  they  are  assumed  to  be  1  inch  in  thickness.  The 
number  of  feet,  board  measure  (B.  M.),  in  a  given  board  or  stick  of  timber, 
equals  the  length  in  feet  multiplied  by  the  breadth  in  feet  multiplied  by  the 
thickness  in  inches. 


Breadth. 

Area  of  a 

Breadth. 

Area  of  a 

Breadth. 

Area  of  a 

Inches. 

Lineal  Foot. 

Inches. 

Lineal  Foot. 

Inches. 

Lineal  Foot. 

i 

.021 

4i 

.354 

8i 

.688 

* 

.042 

4* 

.375 

8* 

.708 

* 

.063 

4* 

.396 

8* 

.729 

1 

.083 

5 

.417 

9 

.750 

U 

.104 

5i 

.438 

n 

.771 

1* 

.125 

5* 

.458 

9* 

.792 

1* 

.146 

5* 

.479 

9* 

.813 

2 

.167 

6 

.500 

10 

.a33 

.188 

6i 

.521 

m 

.854 

2* 

.208 

6* 

.542 

104 

.875 

2* 

.229 

6* 

>5«3 

m 

.896 

3 

250 

7 

',m 

11 

.917 

3* 

.271 

7i 

11  i 

.938 

3* 

.292 

7* 

.625 

11* 

,958 

3* 

.313 

7* 

.646 

11* 

.979 

4 

.333 

8 

.667 

12 

1.000 

Area  of  a  lineal  foot  multiplied  by  length  in  feet  will  give  superficial  oon- 


tents  in  square  feet. 
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MATHEMATICS, 


MATHEMATICS. 


By  Edward  H.  Williams,  Jr.,  E.  M. 
Professor  of  Mining  Engineering  and  Geology  at  the  Lehigh  University. 


GENERAL    PRINCIPLES. 

Qu(JhrUity  or  magnitude  is  anything  that  can  be  increased  or  decreased,  or 
that  is  capable  of  any  sort  of  measurement  or  calculation,  such  as  numbers, 
lines,  space,  time,  motion,  weight,  force,  power,  heat,  li^ht,  electricity,  etc. 
We  can  measure  a  quantity  by  applying  to  it  a  portion  ot  the  same  quantit  j^, 
called  a  unit.  If  the  quantities  are  of  different  kinds,  we  cannot  measure 
them  by  one  another,  but  we  can  compare  them  or  institute  a  calculation 
between  them. 

Mathematics  treats  of  all  kinds  of  quantity  that  can  be  numbered  or  meas- 
ured. Arithmetic  is  that  part  that  treats  of  numbering,  and  is  called  the 
science  of  numbers.  Geometry  is  the  science  of  measuring.  These  two  are 
the  foundation  of  all  other  parts  of  mathematics,  and  are  called  pure  mathe- 
matics. We  can  also  reason  about  numbers  by  substituting  letters  for  num- 
bers, and  represent  their  relations  by  si^rns.  This  is  called  algebra,  and  it 
may  be  likened  to  a  shorthand  arithmetic.  An  extension  of  arithmetic  to 
geometry,  by  which  angles  and  triangles  are  subjected  to  numerical  compu- 
tation, is  called  trigonometry,  and  plane  trigonometry  treats  of  methods  of 
computing  plane  angles  and  triangles,  and  embraces  the  investigations  of  the 
relations  of  angles  in  general,  which  is  called  angular  analysis.  Another 
extension  of  arithmetic  to  geometry,  by  which  lines,  areas,  and  volumes  are 
computed,  is  called  mensuration.  Mensuration  of  large  portions  of  the  earth's 
surface,  where  the  curvature  of  the  same  is  taken  into  calculation,  is  called 
geodesy.  If  the  portions  are  smaller  and  curvature  is  neglected,  the  science 
IS  called  surveying,  and  mine  surveying  if  confined  to  underground  work. 


COMMONLY   USED    MATHEMATICAL   SIGNS    AND   ABBREVIATIONS. 


4-       means  plus,  or  addition. 

—       means  minus,  or  subtraction. 

X       means  multiplication. 

±        means  plus  or  minus. 

T        means  minus  or  plus. 

-i-       means  division. 

:         means  ratio. 

:  ::  :  laeeins proportion. 

2  :  3  : :  4  :  6  shows  that  2  is  to  S 

as  U  is  to  6. 

means  equality. 


■n- 

means  equivalency. 

'f 

means  square  root. 
means  cube  root,  etc. 

^C^ 

square  root  of  S. 

83 

cube  root  of  5.    ' 
7  squared. 
.  8  cubed. 

a 
h 

=  a/b,  a -=-6.    15 -^  16  = 

>' 

< 

therffore. 
Greater  than, 
less  tfian. 

S'. 

square, 
square  feet: 

15 
16* 


o 


square  inches, 
round. 


(  )  [  1  i    r .    vincula,  denoting  that 

the  numbers  enclosed  are 
to  be  tal^en  together;   as, 

(a  +  6)  c  =  4T3  X  5  =  35. 
°  deftrees,  arc  or  tfiermometer. 

'  minutes  or  feet. 

"  seconds  or  inches. 

30°  40'  4"  is  SO  degrees  JU) 

minutes  U  seconds. 
4'  6"         is  It  feet  6  inches. 
I  //  ift        acceiits  to  distinguish  letters^ 

as  a',  a",  a'". 
a\,  02,  aj,  Ce,  Tea.6.asub  1,  asubb,  etc. 
a-,  d^         a  squared,  a  cubed. 

al  =  fa^,  at  =  \^'aK 

sin  a  =  the  sine  of  a. 

log  =  logarithm. 

[_  angle. 

|_  right  angle. 

I  perpendicular  to. 

sin  sine. 

cos  cosine. 


Google- 
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MATHEMATICAL  SIGNS  AND  ABBREVIATIONS— (CStmefnued). 


tan,  or  tang,  tangent. 


sec 

secant. 

versm 

versed  sine. 

cot 

cotangent. 

cosec 

cosecant. 

covers 

coversed  sine. 

«• 

pi,  ratio  of  circumference  of 

circle  to  diameter  3.14159. 

g 

acceleration  dufi  to  gravity 

R,  r 

=  (32.16  ft.  per  sec). 
radius. 

\V,  w 

weight. 

11.  P. 

horsepower. 

I.  H.  P.     indicated  horsepower. 
B.  H.  P.   brake  horsepower. 

A.  W.  G.  American  wire  gauge 

(Brown  &  Sharpe). 

B.  W.  G.  Birmingham  wire  gauge. 

I.  p.  m.,  or  rev.  per  min.,  revolutions 
per  minute. 

A  decimal  point  is  a  period  (.)  pre- 
fixed to  a  number  to  show 
that  the  number  is  less  than 
unity  (1);  thus,  .2  =  A; 
.35  =  ^«;  5.75  =  5/o'\y,  or  5J. 


ARITHMETIC. 


To  Cast  the  Nines  Out  of  a  Humber.— Add  together  the  digits,  and  find  how 
many  nines  are  contained  in  their  sum.  Beject  these  nines  and  set  down  the 
remainder  to  the  right  of  the  number. 

Example.— Cast  the  nines  out  of  18,304.       18,304.    7.    Ans. 

To  Prove  Addition.— Cast  the  nines  out  of  each  row  of  figures  added,  and 
out  of  their  sum.  Add  together  the  remainder  and  cast  the  nines  from  its 
sum.  If  the  remainder  from  this  last  process  is  equal  to  the  remainder 
obtained  from  the  sum  of  the  numbers,  the  addition  is  correct. 

Example.— Prove  this  addition:      2,1  4  3,*  6  8       2 

8,5  6  0,3  9 1        5 
1  0,7  0  :},9  5  9        7.    Ans. 

To  Prove  Subtraction.— Add  the  remainder  to  the  lesser  number;  their  sum 
should  equal  the  larger  number. 

To  Prove  Multiplication.— Cast  the  nines  out  of  multiphcand  and  multi- 
plier, and  multiply  the  remainders  together.  Cast  the  nines  out  of  the 
product,  and  the  remainder  should  equal  the  remainder  obtained  by  cast- 
mg  the  nines  from  the  original  product.  

Example.— Prove  this  multiplication:    3,542  X  6,196  =  21,946,232. 
3,5  4  2       5 

64  9  6       4 

21,9  4  6,2  3  2       2.    Ans. 

To  Prove  Division.— Subtract  the  remainder,  if  there  be  any,  from  the 
dividend,  and  divide  what  remains  by  the  quotient.  If  the  new  quotient 
equals  the  old  divisor,  the  work  is  right. 

EXAMPLE.-Divide  31,046,835  by  56.    554,407|g.    Ans.  o,  «..  nno  u 

Proof.— Take  43  from  31,046,835,  and  divide  the  remainder,  31,046,792,  by 
554,407.    56.    Ans.  ^        .       ,         „.  ,    ,^ 

Rqle._7b  square  any  number  containing  the  fraction  t,  multiply  the  whole 
number  by  the  next  higher  whole  number,  and  add  i. 

Example.—    (8i)^  =  8  X  9  +  i  =  72i. 

COMMON    FRACTIONS. 

A  fraction  is  a  part  of  a  whole,  as  i,  j,  etc.  ^^  ^  ^  „   ^  ^  • 

The  numerator  of  a  fraction  is  the  number  that  tells  how  many  parts  of  a 
whole  are  taken.  Thus.  2  is  the  numerator  of  ?,  as  it  shows  that  two  of  the 
three  parts  into  which  the  whole  is  divided  are  taken.  ^ 

The^enomlnator  of  a  fraction  is  the  number  that  shows  into  how  many 
parts  the  whole  is  divided.     Thus,  in  the  fraction  ?,  the  3  is  the  denominator. 

A  common  denominator  is  a  denominator  common  to  two  or  more  fractions. 
Thus,  i  and  I  have  common  denominators;  and  again,  12  is  a  common  de- 
nomiimtor  for  i,  i,  i,  and  ^  as  they  each  are  respectively  equal  to  A,  vs^ 

^'TTMS'Common  Fractlona.-If  of  the  same  denominator,  add  together  the 
numerators  only.    Thus  ^  -f-  f,  +  f,  =  j%-  ^^.^^^  ,^  Google 
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FRACTIONS. 


If  they  have  different  denominators,  change  them  to  fractions  with  com- 
mon denominators,  and  proceed  as  before. 
Example.— What  is  the  sum  of  *  +  i  + 1? 

h  =  i».i  =  4S,and|  =  JJ. 

«8  +  H  +  i«  =  U-    Ans.  ^      ^ 

To  Multiply  Common  Fractlona.— Multiply  the  numerators  together  for  the 
numerator,  and  the  denominators  for  the  denominator.  Thus,  ^  X  A  X  § 
=  /»,  or  tV- 

To  Divide  Common  Fractions.— Invert  the  divisor,  and  multiply. 
Example.— Divide  ^  by  |. 

A  X  5  =  AV-    Ans. 
To  Reduce  Compound  Fractions  to  Simple  Fractions.— Multiply  the  integer 
by  the  denominator  of  the  fraction,  add  the  numerator  for  the  new  numera- 
tor, and  place  it  over  the  denominator. 

Example.— Reduce  5§  to  a  simple  fraction. 

5  X  3  +  2  =  17,  or  the  numerator,  and  the  fraction  fs  therefore  V- 
To  Reduce  Simple  Fractions  to  Compound  Fractions.— Divide  the  numerator 
by  the  denominator,  and  use  the  remainder  as  the  numerator  of  the  remain- 
ing fraction. 

Example.— Reduce  V  to  a  compound  fraction. 
9)64(7 

63      Compound  fraction  =  7^.  Ans. 
~1 
To  Reduce  Common  Fractions  to  Decimal  Fractions.- Annex  ciphers  to  the 
numerator,  and  divide  by  the  denominator,  and  point  off  as  many  decimal 
places  in  the  quotient  as  there  are  ciphers  annexed. 
Example.— Reduce  i%  to  a  decimal  fraction. 

16)  9.0000  (.5  62  5    Ans. 


Note.— Ciphers  annexed'  to  a  deci- 
mal do  not  increase  its  value.  1.1§  is 
the  same  as  1.1300.  Every  cipher 
placed  between  the  first  figure  of  a 
decimal  and  the  decimal  point  divides 
the  decimal  by  10.  Thus. 
.13  -=- 10  =  .013. 


80 
100 


40 

32 
80 
80 


Table  of  Fractions  Reduced  to  Decimals. 


A 

.015625 

hi 

.265625 

.515625 

.765625 

1 

.03125 

'TS 

.28125 

.53125 

.78125 

.046875 

is 

.296875 

.546875 

.796875 

.0625 

A 

.3125 

A 

.5625 

.8125 

A 

.078125 

Si 

.328125 

.578125 

.828125 

^ 

.09375 

hh 

.34375 

.59375 

.84375 

^t 

.109375 

%i 

.359375 

.609375 

.859375 

^ 

.125 

1 

.375 

.625 

I 

.875 

A 

.140625 

H 

.390625 

ii 

.640625 

.890625 

t\ 

.15625 

1 

.40625 

.65625 

.90625 

.171875 

.421875 

. 

.671875 

.921876 

^ 

.1875 

.4375 

; 

.6875 

.9375 

if 

.203125 

.453125 

.703125 

.953125 

•  U 

.21875 

II 

.46875 

.71875 

.96875 

.234375 

.484375 

.734375 

.984375 

*•' 

.25 

* 

.6 

i 

.75 

1 

1.0000 

DECIMALS. 

Decimal  fractions  have  for  their  denominators  10  or  a  power  of  10, 
but  the  denominator  is  usually  omitted.  Thus,  .1  =-^;  .01  =  xiw;  •001 
=  ttAto.  etc. 

To    Add    Decimals.— Place  whole   numbers  under  ■  .00  7  5 

whole   numbers,  tenths  under   tenths,   hundredths  .6  3 

under  hundredths,  etc.,  and  add,  placing  the  deci-  1-0  6 

mal  point  in  the  sum  directly  under  the  i)oints  1 7.9  3  4  2 

^ove.    Thus,  19.6  317 
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To  Subtract  Decimals.—Arrange  the  figares  as  in  5.9  6  9  7  8 

addition,  and    proceed  as   in   simple   subtraction.  3.2  8  6  9  4 

Tlius,  2.68284 

To  Multiply  Decimals.— Proceed  as  in  ^'^  ^  5  ?  i    JS  decimal  places.^ 

simple  multiplication,  pointing  off  as  0  5  3    (3  decimal  places.) 

many deciin^  places  in  the  result  as  1402593 

there  are  decimal  places  in  both  mul-         2  337655 
tiplicand  and  multipUer.    Thus,  024779143    (8  decimal  places.) 

To  Divide  Decimals.— Proceed  as  in  simple  division,  and  point  off  as  many 
decimal  places  in  the  quotient  as  the  number  of  decimal  places  in  the  divi- 
dend exceeds  those  in  the  divisor. 
Example  1.— Divide  4.756  by  3.3. 
3.3  )  4.7  5  6  0  0  (  1.4  412    Ans. 
33^ 
145 

L3_2_  EXAMPLE  2.— Divide  .006  by  20. 

\\%  20).0060(.0008    Ans. 


132 


60 


40 
33 

70 

6^ 
4 

Note.— It  has  been  said  before  that  algebra  is  a  shorthand  arithmetic. 
Before  proceeding  further  with  the  various  methods  of  arithmetic,  the 
principles  of  algebra  will  be  stated,  and,  after  the  subsequent  examples  are 
worked  out  bjr  arithmetical  rules,  an  example  will  be  given  of  the  algebraic 
method  of  doing  the  same.  In  every  example,  we  have  known  quantities 
from  which  we  seek  to  find  certain  unknovm  ones.  While  there  is  no  way  of 
indicating  these  in  arithmetic,  we  can  readily  do  so  in  algebra,  by  placing  the 
first  letters  of  the  alphabet  as  representatives  of  the  known  quantities 
(aso,  6,c),and  the  last  letters  {x,  y,  z)  of  the  unknown  ones.  The  signs  in 
algebra  are  those  just  given  for  arithmetic.  In  addition  to  them,  we  can 
indicate  multiplication  oy  placing  a  period  (.)  between  the  quantities,  as  a.b 
(read  a  mulHplied  byb),OT  simply  by  placing  the  two  letters  together,  as  ab. 

We  can  indicate  division  as  in  common  fractions,  ^  being  read  a  divided  by  b. 

To  illustrate  algebraic  symbols,  let  I  denote  the  length,  b  the  breadth,  and 
h  the  height  of  a  mine  car.  If  it  be  desired  to  divide  the  height  into  the 
product  of  the  length  and  breadth,  it  is  expressed  as  follows: 

lb 

h' 

When  two  or  more  letters  are  placed  together,  without  anything  between 

them,  it  is  understood  that  the  quantities  represented  by  those  letters  should 

be  multiplied  together.    If  I  represents  8  and  b  represents  4,  then  4  and  8  are 

multiplied  together;  thus,  4  X  8  =  32. 

If  It  be  deared  to  divide  the  height  into  the  sum  of  the  length  and  breadth, 
it  is  expressed  thus: 

l-^b 
h   ' 
The  square  of  the  length  multiplied  by  the  cube  of  the  breadth,  thus: 

Pb». 
The  square  root  of  the  length  divided  by  the  cube  root  of  the  breadth,  thus; 
VT 

The  square  root  of  the  difference  of  the  length  and  breadth  divided  by  the 
height,  thus: 

VT-b 
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18  PROPORTION. 

SIMPLE    PROPORTION,  OR   SINGLE    RULE  OP  THREE. 

A  proportion  is  an  expression  of  equality  between  equal  ratios;  thus,  the  I 
ratio  of  10  to  5  =  the  ratio  of  4  to  2,  and  is  expressed  thus: 
10:  5::  4:  2. 

There  are  four  terms  in  proportion.  The  first  and  last  are  the  extremes. 
and  the  second  and  third  are  the  means. 

Quantities  are  in  proportion  by  aUemation  when  antecedent  is  comx)ared 
with  antecedent  and  consequent  with  consequent.  Thus,  if  10  :  5  : :  4  :  2, 
then  10  :  4  : :  5  :  2. 

Quantities  are  in  proportion  by  inversion  when  the  antecedents  are  made 
consequents  and  the  consequents  antecedents.  Thus,  if  10  :  5  : :  4  :  2,  then 
5  :,10  ::  2:4. 

In  any  proportion,  the  product  of  the  means  will  equal  the  product  of  the 
extremes.    Thus,  if  10  :  5  : :  4  :  2,  then  5  X  4  =  10  X  2. 

A  mean  proportional  between  two  quantities  equals  the  square  root  of  their 
product.  Thus,  a  mean  proportional  oetween  12  and  3  =  tne  square  root  of 
12  X  3,  or  6. 

If  the  two  means  and  one  extreme  of  a  proportion  are  given,  we  find  the 
other  extreme  by  dividing  the  product  of  the  means  by  the  given  extreme. 
Thus,  10 :  6  : :  4  :  ( ),  then  (4  X  5)  -j- 10  =  2,  and  the  proportion  is  10  :  5  : :  4 : 2. 

If  the  two  extremes  and  one  mean  are  given,  we  find  the  other  mean  by 
•  dividing  the  product  of  the  extremes  by  the  given  mean.  Thus,  10  :  (  )  : :  4 : 2, 
then  (10  X  2)  -r-  4  =  5,  and  the  proportion  is  10  :  5  : :  4  :  2. 

Example.— If  6  men  load  30  wagons  of  coal  in  a  day,  how  many  wagon;: 
will  10  men  load  ?  (They  will  evidently  load  more,  so  the  second  term  of  the 
proportion  must  be  greater  than  the  first.) 

6  :  10  : :  80  :  ();  then,  (10  X  30)  -j-  6  =  60.    Ans. 


COMPOUND    PROPORTION,   OR    DOUBLE    RULE   OP  THREE. 

Principles. 

1.  The  product  of  the  simple  ratios  of  the  first  couplet  equals  the  product 
of  the  simple  ratios  of  the  second  couplet.    Thus, 

f4:12)    ..     (5:  10)         4         7  _   5         6 
17  :  14/.  ••    16  :  18/  -  12  X  14  -  10  ^  18' 

2.  The  product  of  all  the  terms  in  the  extremes  equals  the  product  of  all 
the  terms  in  the  means.    Thus,  in 

(4  :  12)    ..     (5  :  10) 
17:14/   ••    16:18/ 

we  have  4  X  7  X  10  X  18  =  12  X  14  X  5  X  6. 

3.  Any  term  in  either  extreme  equals  the  product  of  the  means  divided 
by  the  product  of  the  other  terms  in  the  extremes.  Thus,  in  the  same 
proportion,  we  have 

_  5  X  6  X  12  X  14 
7X10X18    • 

4.  Any  term  in  either  mean  equals  the  product  of  the  extremes  divided 
by  the  product  of  the  other  terms  in  the  means.    Thus,  in 

(4  :  12)    ..     (5  :  10) 

17  :  14/   ••    16  :  18/ 

we  have  5  =  (4  X  7  X  10  X  18)  -^  (6  X  12  X  14). 

Rule.— I.  Put  the  required  quantity  for  the  J^rst  term  and  the  similar  knottm 
quantity  for  the  second  term,  and  form  ratios  with  each  pair  of  similar  quantities 
for  the  second  couplet,  as  if  the  result  depended  on  each  pair  and  the  second  term. 

1 1 .  Find  the  required  term  by  diinaing  the  product  of  the  means  by  tfie  product 
of  the  fourth  terms. 

Example  1.— If  4  men  can  earn  S24  in  7  days,  how  much  can  14  men  earn 
in  12  days? 

The  sum :  «24  : :  {}^ :  ^} ;  or,  the  sum  =  ^  Xx'?^"-  =  «144.    Ans. 

Example  2.— If  12  men  in  35  days  build  a  wall  140  rd.  long,  6  ft.  high,  how 
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manf  men  can,  in  40  days,  build  a  wall  of  the  same  thickness  144  rd.  long, 
5  ft.  high? 

H;r-}-  =  <)  =  --«-V-^^«.    Ans. 

INVOLUTION. 

To  Square  a  Number.— Multiply  the  number  by  itself.  Thus,  the  square  of 
4  =  4  X  4,  or  16. 

To  Cube  a  Number.— Multiply  the  square  of  the  number  by  the  number. 
Thus,  the  cube  of  4  =  16  X  4  =  64. 

To  Find  the  Fourth  Power  of  a  Number.— Multiply  the  cube  by  the  number. 
Thus,  the  fourth  power  of  4  =  64  X  4  =  256. 

To  Raise  a  Number  to  the  Sixth  Power.- Square  its  cube. 

To  Raise  a  Number  to  the  Twelfth  Power.— Square  its  sixth  power. 

(See  logarithms  for  shorter  method.) 


EVOLUTION. 

To  Find  the  Square  Root  of  a  Number: 

Rule.— I.  Separate  the  given  number  into  periods  of  two  figures  each,  beginning 
ai  the  units  place. 

II.  Find  the  greatest  number  whose  square  is  contained  in  the  period  on  the 
left:  this  vnll  be  the  Hrst  figure  in  the  root.  Subtract  the  square  of  thM  figure  from 
the  period  on  the  ufl^  and  to  the  remainder  annex  the  next  period  to  form  a 
dividend. 

Hi.  Divide  this  dividend,  omitting  the  figure  on  the  right,  by  dovble  the  part  of 
the  root  already  found,  and  annex  the  quotient  to  thai  part,  ana  also  to  the  divisor; 
then,  multiply  the  divisor  thus  completed  by  the  figure  of  the  root  last  obtained, 
and  subtract  the  product  from  the  dividend. 

IV.  Jff  there  are  more  periods  to  be  brought  down,  continue  the  operation  as 
before. 

Example.— Find    the    square    root    of  8  7'4  2'2  5  (  9  3  5    Ans. 

874,225.  8 1 

OPERATION.  1  8     3   ~6^  T 

5  4  9 

9 y  2  =  18.  18 into 64 goes 3 times, hence  ,  _ ^  _  ...^, 
newdi>i8or  =  183.  93  X  2  =  186.  186  into  L8  6_Ai  ^  J25 
982  goes  5  times,  hence  new  divisor  =  1,865.  ^azb 

(See  logarithms  for  shorter  method. ) 

The  square  root  of  a  fraction  is  found  by  extracting  the  square  root  of  the 
numerator  and  denominator  separately.    Thus,  the  square  root  of  ^  =  \. 

When  decimals  occur,  the  number  is  pointed  off  into  periods  both  right 
and  left  frgm  the  decimal  point,  and  there  will  be  as  many  decimal  places  in 
the  root  as  there  are  periods  to  the  right  of  the  decimal  point  in  the  number. 

Example  1.— Find  the  square 
root  of  874.225.  ^  «     «:   ^   *v, 

ft^7  4  o  o/«;  ^  o  Q  r;  R.  Example  2.— Find  the  square 

8'7  4.2  2'6  (  2  9.5  6+  root  of  .00874225. 

491-4^4:  .00'8  7'4  2'25(.0935 

_^   ^_±.j4t^  186   579  3  25- 

590    7       39750  q  ^  <>  f; 

35442  ^-^^ 

4  3  0  8+ 
To  Red  the  Cube  Root  of  a  Number: 

Rule.— I.  Separate  the  given  number  into  periods  of  three  figures  each,  beginning 
at  the  units  place. 

II.  Find  the  grecdest  number  whose  cube  is  contained  in  the  period  on  the  left; 
this  will  be  the  first  figure  in  the  root.  Subtract  the  cube  of  this  figure  from  the 
jteriod  on  the  l^,  and  to  the  remainder  annex  the  next  period  to  form  a  dividend. 
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III.  Divide  tfda  dividend  by  the  partial  divitor,  which  is  S  times  the  Bquare  qf 
the  root  already  found,  considered  as  tens;  the  quotient  is  the  second  flgwe  qf  the 
root. 

IV.  To  the  partial  divisor  add  S  times  the  product  qf  the  second  figure  of  the 
root  by  the  first  considered  as  tens,  also  the  square  of  the  second  figure;  the  result 
wiU  be  the  complete  divisor. 

V.  Multiply  the  comj^lete  divisor  by  the  second  figure  of  the  root,  and  subtract 
the  product  from  the  dividend. 

VI.  U  there  are  more  periods  to  be  brought  down,  proceed  as  bef&re,  using  the 
part  qfthe  root  already  found,  the  same  as  the  first  figure  in  the  previous  process. 

Example.— Find  the  cube  root  of  12,812,904. 

OPERATION. 

12,812,904(284    Ans. 


Ist  partial  divisor,  3  X  20«  = 

3X20X3=  180 

3«  -  -       9 

Ist  complete  divisor,  1,3  8  9 

2d  partial  divisor,  3X230»  =  15  8,7  00 

3X230X4=  2,7  60 

4*  =  16 


4,17  6 


6  4  5.9  0  4 
6  4  5,9  0  4 


2d  complete  divisor,  1 6 1,4  7  6 
The  cube  root  of  a  fraction  is  found  by  extracting  the  cube  root  of  the 
numerator  and  denominator  separately.    Thus,  the  cube  root  of  1|  »  |. 
(See  logarithms  for  shorter  method.) 


PERCENTAGE. 

Percentage  means  by  or  on  the  hundred.  Thus,  ijk  =>  ^  ==  .01,  3^  =  ^), 
=  .03. 

To  Find  the  Percentage,  Having  the  Rate  and  the  Base.— Multiply  the  base 
by  the  rate  expressed  in  hundredths.    Thus  6^  of  1,930  is  found  as  follows: 
1,930  X  .06  =  116.80. 

To  Find  the  Amount,  Having  the  Base  and  the  Rate.— Multiply  the  base  by  1 
plus  the  rate.  Thus,  the  amount  of  $1,930  for  one  year  at  6^  is  $1,930  x  1.06 
=  $2,045.80. 

To  Find  the  Base,  Having  the  Rate  and  the  Percentage.— Divide  the  percent- 
age by  the  rate.  Thus,  if  the  rate  is  6^  and  the  percentage  is  115.80,  the  base 
=  115.80  H-  .06  =  1,930. 

To  Find  the  Rate,  Having  the  Percentage  and  the  Base.— Divide  the  percent- 
age by  the  base.  .Thus,  if  the  percentage  is  115.80  and  the  base  1,930,  the  rate 
equals  115.80  -r- 1,930  =  .06,  or  Qji. 

ARITHMETICAL    PROGRESSION. 

Quantities  are  said  to  be  in  arithmetical  progression  when  they  increase  or 
decrease  by  a  common  difference.  The  following  is  an  increasing  series  in 
arithmetical  progression:  1,  3,  5,  7, 9, 11, 13.  If  the  figures  he  read  backward, 
13, 11,  9,  etc.,  It  becomes  a  decreasing  series.  In  the  first  series,  the  first  term 
is  1;  the  last  term  13;  the  number  of  terms  7;  the  common  difference  2;  and  the 
sum  of  the  terms  49. 

In  any  arithmetical  progression. 
Let  /  =  first  term; 

I  =  last,  or  nth  term;  i 

d  =  common  difference; 

n  =  number  of  terms;  and  I 

s  =  their  sum. 
The  second  term  =/  -f  (2  —  l)d  =/  -f  d;  the  fourth  term  =/  -|-  (4  —  l)d; 
and  the  nth  term  --=  I 

f  ^  (n-l)d.         (1) 
From  equation  (1)  we  obtain 

f=l}{n-l)d.  (2)  d^^^.  (4)         ' 

n  —  1 

»--d-  +  l-  (3)  '=y/  +  l).  (6) 
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Subfltitutiiig  the  value  oil  from  (1), 

»  =  |[2/+(n-l)d].  (6) 

Example  1.— A  company  contracts  to  put  down  a  bore  hole  at  one  dollar 
($1)  per  foot  for  the  first  100  ft.;  three  dollars  (93)  per  foot  for  the  second  100 
ft.;  and  two  dollars  (92)  per  foot  additional  for  each  successive  100  ft.  The 
hole  was  800  ft.  deep.    What  was  the  cost  ? 

n  =»  8;  /  =  100;  and  d  =  2.    Substitute  these  values  in  formula  (6). 
»  =  |[2  X  100  +  (8  - 1)  200]  =  96,400.    Ans. 

Example  2.— If  water  flowing  10.12  sal.  per  min.  be  struck  in  a  shaft  80  ft. 
below  the  surfieuie,  and  the  increase  in  now  be  .02  gal.  per  ft.  till  the  depth  be 
200  ft.,  and  thence  the  flow  decreases  .02  gal.  per  ft.  till  the  rock  be  drv,  how 
deep  was  the  shaft  at  the  last  point,  and  what  was  the  total  amount  of  water 
flowing  into  it  per  minute? 

During  the  increase  of  flow,  n  =  170;  /  =  10.12;  and  d  =  .02.  I  [by 
formula  (1)1  =  10.12  +  (170  - 1).02  =  18.50,  or  13.50  gal.  flow  at  a  depth  of  200 
ft.,  and  «  =  4«  [2  X  10.12  +  ( 170  - 1)  .02]  =-  2,007.7  gal.  flowing  in  along  the  first 
20Ofl.indeptli. 

During  the  decrease  in  flow/  =  18.50;  d  =  .02,  and  I  =  .02. 

n  [formula  (8)]  =     ~^   -\-  1,  for  a  decreasing  progression 

Then,  -  ^^^^^  + 1  =  675,  the  depth  at  which  the  rock  will  run  dry, 

and  »  =  •!*  [2'x  .02  +  (675  —  1)  .02],  or  4,563  gal.,  the  amount  of  water  that 
will  flow  m  per  minute  along  the  last  675  ft.  The  total  amount  of  water 
flowiDg  in  along  the  total  deptii  of  875  ft.  is  2,007.7  +  4,563,  or  6,570.7  gal.   Ans. 


QEOMETRICAL    PRCGRESSION. 

A  series  of  quantities,  in  which  each  is  derived  fVom  that  which  precedes 
it,  by  multiplication  by  a  constant  quantity,  is  called  a  geometrical progressUm. 
If  the  multiplier  be  a  whole  number,  the  progression  is  styled  increasing;  if 
it  be  a  fhiction,  the  progression  is  styled  decreasing.    The  series 

1,  2,  4,  8, 16,  32 
has  2  for  a  multiplier,  and  is  an  increasing  progression.    The  series 

32, 16,  8,  4,  2, 1, 

have  i  for  a  multiplier,  and  are  decreasing  progressions. 

The  common  multiplier  in  a  geometrical  progression  is  called  the  common 
ratio:  or,  briefly,  the  ratio. 
Let  /  =  first  term; 

(  =  last  term,  whose  number  f^om/is  n; 

n=  number  of  terms; 

r  =  ratio; 

8  =  sum  of  terms. 

j  =  /r-i.  (1)  /=i.  (4) 


fir-  -  1) 
r-  1    * 


r—i- 
(2)  /  =  «  _  r  («  -  I).         (5) 


Example.— If  a  man  should. contract  to  sink  a  shaft  to  the  base  of  the  coal 
measures  at  the  rate  of  Vk  cent  for  the  first  50  ft.;  i  cent  for  the  second  50  ft.; 
1  cent  Ibr  the  third  50  ft.;  and  so  on  at  the  same  rate,  how  much  would  be 
one  if  the  shaft  were  1,500  ft.  deep  ? 

/  =  A;  »  =  30;  and  r  =  2. 

Substituting  in  formula  (1), 

i  =  A  X  (2»)  =^  33,654,432,  and«  [formula  (3)]  =  ^^^'^^^^^^ rt 


9671,088.6811.    Ans.     oy^zedbyGoOgle 
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LOGARITHMS. 


USE   OF  LOGARITHMS. 

Logarithms  are  desired  to  diminish  the  labor  of  multiplication  and  divi- 
sion, by  substituting  m  their  stead  addition  and  subtraction.  A  logarithm  is 
the  exiKjnent  of  the  power  to  which  a  fixed  number,  called  the  bcwc,  must  be 
raised  to  produce  a  given  number.  The  base  of  the  common  system  is  10, 
and,  as  a  logarithm  is  the  exponent  of  the  power  to  which  the  base  must  be 
raised  in  order  to  be  equal  to  a  given  number,  all  numbers  are  to  be  regarded 
as  powers  of  10;  hence, 

100  =  1^  we  have  logarithm  of  1  =  0. 
IQi  =  10,  we  have  logarithm  of  10  =  1. 
10»  =  100,  we  have  logarithm  of  100  =  2. 
10^  =  1,000,  we  have  logarithm  of  1,000  =  3. 
10*  =  10,000,  we  have  logarithm  of  10,000  =  4. 

The  logarithms  of  numbers  between  1  and  10  are  less  than  unity,  and  are 
expressed  as  decimals.  The  logarithm  of  any  number  between  10  and  100  is 
more  than  1  and  less  than  2,  hence  it  is  equal  to  1  plus  a  decimal.  Between 
100  and  1,000,  it  is  equal  to  2  pluS  a  decimal,  etc. 

The  integral  part  of  a  logarithm  is  its  characteristic,  the  decimal  part  is 
its  mantissa. 

Example.— The  \o^  of  67.7  is  1.830589,  the  characteristic  of  this  logarithm 
is  1  and  the  mantissa  is  .830589. 

The  characteristic  of  a  logarithm  is  always  1  less  than  the  number  of  whole 
figures  expressing  that  number,  and  may  be  either  negative  or  positive. 

The  characteristic  of  the  logarithm  of  7  is  0;  of  17  is  1;  of  717  is  2;  etc. 

The  mantissa  is  the  decimal  portion  of  a  logarithm,  and  is  always  considered 
positive. 

To  Find  the  Logarithm  of  Any  Number  Between  I  and  100.— Look  on  the  first 
page  of  the  table,  along  the  column  marked  "No.,"  for  the  given  number; 
opposite  it  will  be  found  the  logarithm  with  its  characteristic. 

To  Find  the  Logarithm  of  Any  Number  Consisting  of  Three  Figures.— Proceed 
in  the  same  manner  and  find  the  decimal  in  the  first  column  to  the  ri^ht 
of  the  number;  prefix  to  this  the  characteristic  2.  Thus,  the  logarithm 
of  327  is  2.514548.  As  the  first  two  figures  of  the  decimal  are  the  same  for 
several  successive  figures,  they  are  only  given  where  they  change.  Thus, 
the  decimal  part  of  the  logarithm  of  302  is  .480007.  The  first  two  figures 
remain  the  same  up  to  310,  and  are  therefore  to  be  supplied. 

To  Find  the  Logarithm  of  Any  Number  of  Four  Figures.— Look  in  the  column 
headed  "  No."  for  the  first  three  figures,  and  then  along  the  top  of  the  psige 
for  the  fourth  figure.  Down  the  column  headed  by  the  fourth  figure,  and 
opposite  the  first  three,  will  be  found  the  decimal  part.  To  this  prefix  the 
characteristic  3. 

To  Find  the  Logarithm  of  Any  Number  Containing  More  Than  Four  Figures. 
Place  a  decimal  point  after  the  fourth  figure  from  the  left,  thus  changing  the 
number  into  an  integer  and  a  decimal.  If  the  decimal  part  contains  more 
than  two  figures,  and  its  second  figure  is  5  or  greater,  add  1  to  the  first  figure 
in  the  decimal.  Find  the  mantissa  of  the  first  four  figures  and  subtract  it 
fl-om  the  next  greater  mantissa  in  the  table.  Under  the  heading  "  P.  P." 
find  a  column  headed  by  the  difference  first  found;  find  in  this  column  the 
number  opposite  the  number  corresponding  to  the  first  figure  of  the  decimal, 
or  the  first  figure  increased  by  one,  and  add  it  to  the  mantissa  already  found 
for  the  first  four  figures  of  the  given  number. 

Example.— What  is  the  logarithm  of  234,567? 

Placing  a  decimal  point  after  the  fourth  figure  from  the  left,  we  have 
2,345.67.  The  mantissa  of  2,345  is  .37014;  the  difference  between  .37014  and  the 
next  higher  logarithm  .37033  is  19.  Add  1  to  the  first  figure  of  the  decimal  6, 
and  in  the  column  headed  19,  under  "  P.  P.,"  opposite  7,  we  find  13.3»  which, 
added  to  the  portion  of  the  mantissa  already  found,  .37014,  gives  .37027.  The 
characteristic  is  5,  hence  the  logarithm  is  5.37027. 

To  Find  the  Logarithm  of  a  Decimai  Fraction.— Proceed  according  to  previous 

^"s,  except  in  regard  to  the  characteristic.    Where  the  number  consists 
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of  a  whole  number  and  a  decimal,  the  characteristic  is  1  less  than  the  whole 
nnmber.  Where  it  is  a  simple  decimal,  or  when  there  are  no  ciphers  between 
the  decimal  point  and  the  first  numerator,  the  characteristic  is  negative, 
and  is  expre^ed  by  1,  with  a  minus  sign  over  it.  Where  there  is  one  cipher 
between  the  decimal  point  and  first  numerator,  the  characteristic  is  2,  with 
a  minus  sign  over  it.  Where  there  are  2  ciphers,  the  characteristic  is  8,  with 
a  minus  sign  over  it.    Thus: 

The  logarithm  of  67.7        is  1.830689. 
The  logarithm  of   6.77      18  0.830589. 
The  logarithm  of     .677     is  1.830589. 
The  logarithm  of     .0677   is  2.830589. 
The  logarithm  of     .00677  is  3.830589. 
The  characteristic  only  is  negative.    The  decimal  part  is  positive. 
To  Find  tlie  Logarithm  of  a  Vulgar  Fraction.— Subtract  the  logarithm  of  the 
denominator  from  the  logarithm  of  the  numerator.    The  difference  is  the 
logarithm  of  the  fhiction. 
Example.— Find  logarithm  of  i^. 

Log  4  =  0.60206 
Log  10  =  1^ 

_  1.60206 

1.60206  is  the  logarithm  of  .4. 
To  Find  the  Natural  Number  Correaponding  to  Any  Logarithm.— Loolc  in  the 
column  headed  "  0  "  for  the  first  two  figures  of  the  decimal  part;  the  other  four 
figures  are  to  be  looked  for  in  the  same  or  in  one  of  the  nine  following  col- 
umns. If  they  are  exactly  found,  the  number  must  be  made  to  correspond 
with  the  characteristic  by  pointing  off  decimals  or  annexing  ciphers. 

If  the  decimal  portion  cannot  be  found  exactly,  find  the  next  lower  logar 
rithm,  subtract  it  from  the  given  logarithm,  divide  the  difference  by  the 
difference  between  the  next  lower  ana  the  next  higher  logarithm,  and  annex 
tlie  quotient  to  the  natural  number  found  opposite  the  lower  logarithm. 

To  INultiply  by  the  Use  ef  Logarithms.— Add  the  logarithms  of  the  factors 
together;  the  sum  will  be  the  logarithm  of  their  product. 
Example.—    67.7  X  .677. 

Log  67.7  =  1.830589 
Log  .677  =  1^830589 
1.661178 
1.661178  is  the  logarithm  of  45.833. 
Te  Divide  by  the  Use  of  Logerithms.— Subtract  the  logarithm  of  the  divisor 
from  the  logarithm  of  the  dividend;  the  difference  will  be  the  logarithm  of 
the  quotient. 

Example.— Divide  67.7  by  .0677. 

Log   67.7  =  1.830589 
Log  .0677  =  2.^0589 
3.000000 
3  is  the  logarithm  of  1,000. 
To  Sqoare  a  Nomber  by  the  Use  of  Logarithms.— Multiply  the  logarithm  of 
the  number  by  2.    The  product  will  be  the  logarithm  of  the  square  of  the 
number. 

Example.— Square  .677. 

Log  .677  =  1.830689 
2 

1.661178 
1.661178  is  the  logarithm  of  .45833. 
To  Cube  a  Number.— Multiply  the  logarithm  of  the  number  by  3.    The 
product  will  be  the  logarithm  of  the  cube  of  the  number. 

To  Raise  a  Number  to  Any  Power,  as  4th,  5th,  6th,  or  7th,  multiply  the  loga- 
rithm of  the  number  by  4,  5,  6,  or  7,  and  the  results  will  be  the  logarithms  of 
the  4th,  5th,  6th,  or  7th  powers,  resi)ectively.  Thus,  a  number  can  readily  be 
laiaed  to  any  power  required. 
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To  Extract  the  SqHare,  Cube,  Fourth,  Fifth,  or  Any  Root  of  a  Numbar.— Divide 
the  logarithm  of  the  number  by  the  index  of  the  root  required,  and  the 
quotient  will  be  the  logarithm  of  the  required  root. 

Thus,  to  find  the  square  root  of  625: 

Logarithm  of  625  =  2.795880. 
2.795880 -f- 2  =  1.397940. 

1.397940  =  logarithm  of  26. 

Therefore,  the  square  root  of  625  is  25. 

To  Find  the  Cube,  Fourth,  or  Any  Root.— Proceed  in  the  same  way,  using 
the  index  of  the  required  root  as  a  divisor. 

To  Divide  a  Lofarithm  Having  a  Negative  Characteristic— If  the  characteristic 
is  evenly  divlsiole  by  the  divisor^  divide  in  the  usual  manner  and  retain  the 
negative  sign  for  the  characteristic  in  the  quotient.  But  if  the  negative 
characterisuc  is  less  than,  or  not  evenly  divisible  by,  the  divisor,  add  such  a 
negative  number  to  it  as  will  make  it  evenly  divisible,  and  prefix  an  equal 
positive  number  to  the  decimal  part  of  the  logarithm;  then  divide  the 
increased  negative  characteristic  by  the  divisor,  to  obtain  the  characteristic 
of  the  quotient  desired.  To  obtain  the  decimal  part  of  the  quotient,  divide 
the  decimal  part  of  the  logarithm,  with  the  positive  number  prefixed,  in  the 
usual  manner.  To  this  quotient  prefix  the  negative  characteristic  already 
found,  and  this  will  be  the  quotient  desired. 

Example  1.-  6^^68^  _  2.1082282. 

o 

Example  2.—  _ 

li?^^  =  (a  +4  =  rs)  +  (4  +  .3268472)^?+if^  =  2.48W608. 

Example  3.— 

^^  ^  log^  ^  L^    1+1^  =  1.9661178  =  .9249+. 
5  5  5  5 
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PRINCIPLES    OF   GEOMETRY. 

1.  The  sum  of  all  the  angles  formed  on  one  side  of  a  straight  line  equals 
two  right  angles,  or  180°. 

2.  The  sum  of  all  the  angles  formed  around  a  point  equals  four  right 
angles,  or  360°. 

3.  When  two  straight  lines  intersect  each  other,  the  opposite  or  vertical 
angles  are  equal. 

4.  If  two  angles  have  their  sides  parallel,  they  are  e^ual. 

5.  If  two  triangles  have  two  sides,  and  the  included  angle  of  the  one 
equal  to  two  sides  and  the  included  angle  of  the  other,  they  are  equal  in  all 
their  parts. 

6.  If  two  triangles  have  two  angles,  and  the  included  side  of  the  one  equal 
to  two  angles  and  the  included  side  of  the  other,  they  are  equal  in  all  tiieir 
parts. 

7.  In  any  triangle^  the  greater  side  is  opposite  the  greater  angle,  and  the 
greater  angle  is  opposite  the  greater  side. 

8.  The  sum  of  the  lengths  Of  any  two  sides  of  a  triangle  is  greater  than 
the  length  of  the  third  side. 

9.  In  an  isosceles  triangle,  the  angles  opposite  the  equal  sides  are  equal. 

10.  In  any  triangle,  the  sum  of  the  three  angles  is  equal  to  two  ri^ht 
angles,  or  180°. 

11.  If  two  angles  of  a  triangle  are  given,  the  third  may  be  found  by 
subtracting  their  sum  from  two  right  angles,  or  180°. 

12.  A  triangle  must  have  at  least  two  acute  angles,  and  can  have  but  one 
obtuse  or  one  nght  angle. 

13.  In  any  triangle,  a  perpendicular  let  fall  from  the  apex  to  the  base  is 
«>»orter  than  either  of  the  two  other  sides. 
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14.  In  any  parallelogram,  the  opposite  sides  and  angles  are  equal  each  to 
each. 

15.  The  diagonals  divide  any  paralellogram  into  two  equal  triangles. 

16.  The  diagonals  of  a  parallelogram  bisect  each  other;  that  is,  they 
divide  each  other  into  equal  parts. 

17.  If  the  sides  of  a  polygon  be  produced  in  the  same  direction,  the  sum 
of  the  exterior  angles  will  equal  four  right  angles. 

18.  The  sum  of  the  interior  angles  ol  a  polygon  is  equal  to  twice  as  many 
right  angles  as  the  polygon  has  sides,  less  four  right  angles. 

Example.— The  sum  of  the  interior  angles  of  a  quadrilateral  =(2X4) 
-4  =  4  right  angles.  The  sum  of  the  interior  angles  of  a  pentagon  = 
(2  X  5)  —  4  =  6  right  angles.  The  sum  of  the  interior  angles  of  a  hexagon 
=  (2  X  6)  —  4  =  8  right  angles. 

19.  In  equiangular  polygons,  each  interior  angle  equals  the  sum  divided 
by  the  number  ofsides. 

20.  The  square  described  on  the  hypotenuse  of  a  right-angled  triangle  is 
eciual  to  the  sum  of  the  squares  described  on  the  other  two  sides.  Thus,  in  a 
right-angled  triangle  whose  base  is  20  ft.  and  altitude  10  ft.,  the  square  of 
the  hypotenuse  equals  the  square  of  20  -f  the  square  of  10  ,  or  500.  Then  the 
hypotenuse  equals  the  square  root  of  500,  or  22.8607  ft. 

21.  Having  the  hypotenuse  and  one  side  of  a  right-angled  triangle,  the 
other  ^de  may  be  found  by  subtracting  fh)m  the  square  of  the  hypotenuse 
the  square  of  the  other  known  side.  The  remainder  will  be  the  square  of 
the  required  side. 

22.  Triangles  that  have  an  angle  in  each  equal,  are  to  each  other  as  the 
product  of  the  sid^  including  those  equal  angles. 

23.  Similar  triangles  are  to  each  other  as  the  squares  of  their  correspond- 
ing sides. 

24.  The  perimeters  of  similar  polygons  are  to  each  other  as  any  two 
corresponding  sides,  and  their  areas  are  to  each  other  as  the  squares  of 
those  sides. 

25.  The  diameter  of  a  circle  is  g;reater  than  anv  chord. 

26.  Any  radius  that  is  perpendicular  to  a  chord,  bisects  the  chord  and  the 
arc  subtended  by  the  chord. 

27.  Through  three  points  not  in  the  same  line,  a  circumference  may  be 
made  to  pass. 

Directions.— Draw  two  lines  connecting  the  three  points.  Erect  i)erpen- 
diculars  from  the  centers  of  each  of  these  two  lines,  and  the  poi;^it  of  inter- 
section of  the  perpendiculars  will  be  the  center  of  the  circle. 

28.  The  circumferences  of  circles  are  to  each  other  as  their  radii,  and 
their  areas  are  to  each  other  as  the  squares  of  their  radii. 

Example  1.— If  the  circumference  of  a  circle  is  62.83  in.  and  its  radius  is 
10  in.,  what  is  the  circumference  of  a  circle  whose  radius  is  15  in.  ? 
10  :  15  : :  62.83  :  94.245  in.    Ans. 
Example  2.— If  a  circle  6  in.  in  diameter  has  an  area  of  28.274  sq.  in.,  what 
is  the  area  of  a  circle  12  in.  in  diameter  ? 

3»  :  6>  : :  28.274  :  113.096  sq.  in.    Ahs. 


PRACTICAL    PROBLEMS    IN    GEOMETRICAL    CONSTRUCTION. 

vr  To  Bisect  a  Given    Straight   Line  ^B.— From 

y^  A  and  B  as  centers,  with  a  radius  greater  than 

I  one-half  of  A  B,  describe  arcs  intersecting  at  E 

jL  j   a      and  F.    Draw  EF.    It  will  bisect  A  B.    C  will 

|t?  be  the  middle  point,  and  EF yviW  be  perpendic- 

J  ular  to  AB.    The  points  £and  -Fwill  be  equi- 

jlyp  distant  from  A,  B,  or  C. 

From  a  Given  Point  C.  Witliout  a  Straight  Line  A  B, 
to  Draw  a  Perpendicular  to  the  Line.— From  C  as  a 
center,  with  a  radius  sufficiently  great,  describe 
an  arc  cutting  AB  in  points  A  and  B\  then  from 
A  and  B  as  centers,  with  a  radius  greater  than 
one-half  of  A  B,  describe  two  arcs  cutting  each 
other  at  D,  and  draw  CD. 
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XD 


a  Givtn  Point  C  in  a   Straiglit  Line  AB^  to 
Erect  a  Perpendicular  to  Tliat  Line^— Take  the  pomte 


At 


A  and  B  equally  distant  from  C,  and,  with  A  and 
B  as  centers,  and  a  radius  greater  than  one-half 
of  A  B,  describe  two  arcs  cutting  each  other  at 
-KB     D,  and  draw  the  line  D  C. 


-1+- 


At  a  Point  ^  on  a  Given  Straight  Line  A  B, 
to  Make  an  Angle  Equal  to  a  Given  Angle  EFG. 
From  -P  as  a  center,  with  any  radius  F  G, 
describe  the  arc  EG.  From  ^  as  a  center, 
with  the  same  radius,  describe  the  arc  CB; 
then  with  a  radius  equal  to  the  chord  EG, 
describe  an  arc  from  J?  as  a  center,  cutting 
CB  &t  D,  and  draw  A  D 


To  Bisect  a  Given  Arc  A  CB,— With,  the  same 
radii  and  the  extremities  AB2^  centers,  describe 
arcs  intersecting  at  D  and  E.  The  line  DE 
bisects  the  arc  at  C. 


To  Bisect  an  Angle  A  B  C— With  any  radius  and 
JS  as  a  center,  describe  an  arc  cutting  the  sides  at 
A  and  C  With  these  points  as  centers,  describe 
arcs  of  equal  radius  intersecting  at  D.  The  line 
£D  is  the  bisector,  and  the  Z.^^I>  =  LDBC. 


To  Bisect  an  Open  Angle  {Method  by  L.  L. 
Logan).— Let  A  B  and  C2>  be  the  sides  of 
an  open  angle.  With  any  point  0  as  a  cen- 
ter, describe  a  circle  cutting  the  sides  at 
e, /,  g,  and  h,  and  with  e  and/,  and  a  and  h 
as  centers  and  any  radius,  describe  arcs 
intersecting  at  k  and  I,  respectively.  Draw 
Ok  and  01  and  mn.  With  p  and  q  as  cen- 
ters, and  any  radius,  describe  arcs  intersect- 
ing at  R  and  S.  The  line  drawn  through 
22  S  is  the  required  bisector. 


Tlirough  a  Given  Point  A,  tc  Draw  a  Straigtit 
Line  Parallel  to  a  Given  Straight  Line  CD. -From 
^  as  a  center,  with  a  radius  greater  than 
the  shortest  distance  from  A  to  CD,  describe 
an  indefinite  arc  D  E.  From  i)  as  a  center, 
with  the  same  radius,  describe  the  arc  A  F. 
Take  D  E  equal  to  A  F,  and  draw  A  B. 


>J>  ^ 


-^^ 


To  Find  the  Center  of  a  Given  Circumference  or  Arc. 
Take  any  three  points  A,  B,  and  C  on  the  circumfer- 
ence, and  unite  tnem  by  the  lines  A  B  and  B  C.  Bisect 
these  chords  by  the  perpendiculars  D  0  and  E  0;  their 
intersection  is  the  center  of  the  circle. 
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Through  a  Given  Point  P,  to  Draw  a  Tangent  to  a  Given 
Circle.—!.  If  P  be  in  the  circumference:  Find  C  the 
center  of  the  circle,  draw  the  radius  C  P,  and  draw 
D  E  perpendicular  to  C  P. 


2.  If  P  be  without  the  circle:  Join  P  and 
the  center  of  the  circle.  Bisect  P  C  in  D;  with 
/)  as  a  center,  and  a  radius  D  C,  describe  the  cir- 
cumference intersecting  the  given  circumference 
at  A  and  B.  From  the  intersections  A  and  £, 
draw  £P  and -A  P. 


An  acute  angle  having  ita  vertex  in  the  clrcamferenoe  and 
subtended  by  an  arc  is  equal  to  one-half  the  central 
angle  subtended  by  the  same  arc.  Thus,  the  /ABC 
-^k  LAOC. 


An  acute  angle  included  between  a  chord  and  a  tangent  is 
equal  to  one-naif  the  central  angle  subtended  by  the 
chord.   Thus,  L  ABC=  ^  l.  COB. 


If,  from  a  point,  two  tangents  be  drawn  to  a  circle,  they 
will  be  equal,  and  their  angle  of  intersection  will  be 
equal  to  the  central  angle  subtended  by  the  chord 
joining  the  two  points  of  tangency.  Thus,  AB  =  AC, 
6Jid t  DAC  =  L  EOC. 


To  Divide  a  Straight  Line  into  Anv  Number 
of  Equal  Parts.— To  divide  the  line  AB 
into,  say,  6  parts,  draw  the  line  A  C  from 
A,  making  any  angle  with  A  B;  measure 
off  6  equal  spaces  on  A  C;  draw  6  B,  and 
fh)m  i,  2,  S,  U,5onA  Cdraw  parallels  to 
6  B.  These  divide  A  B  as  required  into 
6  equal  parts. 

By  a  similar  process  a  line  may  be 
divided  into  a  number  of  unequal  parts. 
Set  off  on  ^  C  divisions  proportional  to 
the  required  divisions,  and  draw  the 
parallel  lines  as  explained  above. 
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MENSURATION. 


MENSURATION   OF  SURFACES. 


PARALLELOGRAMS. 

A  parallelogram  is  a  four-sided  figure  whose  opposite  sides  are  parallel. 


Square.  Rectangle.  Rhombus.  Rl.omboid. 

(Four  eqtud  tides  (Four  right  angle*  (Ft ur  equal  tides  (Four  oblique  angles   and 

and  /our  right  an-  and   opposite  sides  and  oblique  angles.)  opposite  sides  eq%tal.) 

gles.)  equeU,) 

To  Find  the  Area  of  Any  ParalteloKram.— Multiply  the  length  of  any  side 
by  the  length  of  a  perpendicular  line  from  that  side  to  the  opposite  one. 
Thus,  in  the  foregoing  figures,  the  areas  of  the  square  and  rectangle  are 
found  by  multiplying  the  length  ABhy  the  heig^ht  B  C.  The  areas  of  the 
rhombus  and  rhomboid  are  found  by  multiplying  the  length  ^  ^  by  the 
height  CD. 

To  Find  the  Diagonal  of  a  Square.— Multiply  the  length  of  a  side  by  1.41421. 

Having  the  Diagonal,  to  Find  the  Side  of  a  Square.— Divide  the  diagonal  by 
1.41421,  or  multiply  it  by  .707107. 

To  Find  a  Square  Equal  In  Area  to  a  Given  Circle.— Multiply  the  diameter  of 
the  circle  by  .886227,  and  the  result  will  be  the  side  of  the  required  square. 

To  Find  the  Area  of  the  Largest  Square  That  May  be  Inscribed  in  a  Circle. 
Square  the  radius  of  the  circle,  and  multiply  by  2. 

To  Find  the  Side  of  the  Largest  Square  that  May  be  Inscribed  In  a  Circle. 
Divide  the  diameter  of  the  circle  by  1.41421,  or  multiply  it  by  .707107. 


TRIANGLES. 

A  triangle  is  a  figure  having  three  straight  sides. 
c  cf 


To  Find  the  Area  of  a  Triangle.— Multiply  its  base  by  one-half  the  perpen- 
dicular height,  or  altitude. 

To  Find  the  Perpendicular  Height  of  an  Equilateral  Triangle.— Multiply  the  lengrth 
of  one  of  its  sides  by  .86()025. 

To  Find  the  Length  of  Each  Side  of  an  Equilateral  Triangle.— Divide  the  per- 
pendicular height  by  .8(36025,  or  multiply  the  perpendicular  height  by  1.1547. 
Or,  take  the  square  root  of  the  area  and  multiply  it  by  1.61967. 

To  Find  the  Side  of  a  Square  of  Same  Area  as  an  Equilateral  Triangle.— Mul- 
UtiIv  the  length  of  one  of  its  sides  by  .658037. 


TRIANGLES. 
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To  Find  ths  Diamttter  of  o  Cirolo  of  Samo  Arsa  os  on  Equllitortl  Triangle. 
Divide  the  length  of  one  of  its  sides  by  1.34677. 

The  following  rules  apply  to  any  triangle: 

HovinfTwo  Sides  and  tho  Included  Angle,  to  Find  the  Aret.— Multiply  together 
the  two  sides  and  the  natural  sine  of  the  included  angle,  and  divide  the 
product  by  2.    Or,  by  logarithms,  add  together  the  logarithms  of  the  two 


Obtnse. 

{An  obtvu9 

angle.) 


sides  and  the  logarithmic  sine  of  the  included  angle,  and  from  the  sum 
subtract  the  logarithm  of  2,  and  the  result  will  be  the  lofi^thm  of  the  area. 
Hiving  Throe  Sides  of  o  triangle,  to  Find  the  Area.— Add  the  three  sides 
together,  divide  the  sum  by  2;  from  the  half  sum,  subtract  each  side  sep- 
arately; multiply  the  half  sum  and  the  three  remainders  continuously 
together,  and  extract  the  square  root  of  the  product.    Thus,  if  the  triangle 


has  three  sides  whose  lengths  are  30,  40,  and  50  ft.,  then 


30+40  +  50 


--  =  60. 


Then,  subtracting  from  this  60  each  side  separately,  we  have:  60  —  30  =  30; 
60-40  =  20;  60  —  50  =  la  Then,  60x30X20X10  =  360,000.  Thesquare 
root  of  360,000  =  600  sq.  ft.,  or  area.  • 

Having  the  Three  Sides  of  a  Triangle,  to  Find  Its  Angles.— In  the  triangle 
^ B C,  let ^ £  =  21  ft.,  BC=  17.25  ft.,  and  ^  C  =  32 ft.  Draw  BD  per- 
pendicular to  A  C;  then, 

32  :  21  +  17.25  =  21  -  17.25  :AD-  DC; 
AD—DC=    4.48 
^  D  +  i>  C7  =  32 


But 
Adding, 

Subtracting, 


2AD  = 
AD  - 

2DC' 
DC-- 


36.48 
18.24 
27.52 
13.76 


B  =  180°- 


cos^  =  ^|p  =  .86857,  or  ^  =  29°  42'  25.7" 
cos  C  =  ^—  =  .79768,  or  C  =  37°  5'  26.7". 


-  (^  -h  C)  =  180  —  (29°  42'  25.7"+  37°  W  26.7")  =  113°  12'  7.6". 
Having  Two  Sides  and  included  Angle,  to  Find  Third  Side  and  the  Other  Angles. 
In  the  triangle  ABC,  let  ^  5  =  19  ft.,  AC  =  2?  ft.,  and  A  =  36°  3'  29". 
Draw  B  D  perpendicular  to  ^  C.     i?  D  =-  19  x  sin  ^  =  19  X  .58861  =  11.18  ft. 
ilD  =  19  X  cos  ^  =  19  X  .80842  =  15.36ft.      Z)  C  =  23  -  15.36  =  7.64  ft. 

Tan  C  =  y^  =  1.46335,  or  C  =  55°  39'  10".    5  =  180  -  (^  +  C)  =  180 

-(3e°3'29"  +55°39'10")=  88°  17' 21".    BC=  -?^-  =  %^  =  13.54  ft. 

sm  G        .82562 

Having  One  Side  and  th«  Two  Adjacent  Angles,  to  Find  the  Other  Two  Sides. 
The  third  angle  equals  180°  minus  the  sum  of  the  other  two  angles.  This 
third  angle  will  be  the  one  opposite  the  given  side.  Then  the  sine  of  the 
angle  opposite  the  given  side  is  to  the  given  side  as  the  sine  of  either  of  the 
other  angles  is  to  its  opposite  side.  Thus,  in  the  triangle  A  5  C,  let  ^  =  60° 
B  =  70°,  and  the  side  ^  B  =  200  ft.  Then  the  angle  C  -  180°  -  (60°  +  70°) 
=  50°. 

Then,  sin  50°:  200  ::  sin  60°:  B  C, 

and  sin  50° :  200::  sin  70°  :^C. 

To  Find  the  Area.— Either  find  the  three  sides  as  above,  and  follow  rule 
already  given,  or  multiply  the  natural  sines  of  the  two  given  angles  together. 
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Then,  as  the  natural  sine  of  the  single  angle  is  to  the  product  of  the  sines  of 
the  given  angles,  so  is  the  square  of  the  given  side  to  twice  the  required  area. 
Thus,  sin  C :  sin  -4  X  sin  5  : :  AR^ :  to  twice  the  area  of  the  triangle. 

The  area  of  any  triangle  is  eq^^ual  to  half  the  area  of  a  parallelogrram 
having  the  same  base  and  perpendicular  height. 


TRAPEZOIDS. 

A  trapezoid  has  four  straight  sides,  only  two  of  which  are  parallel. 

r 


To  Find  the  Area  of  i  Trapezoid.— Add  together  the  two  parallel  sides,  and 
divide  by  2.    Multiply  the  quotient  by  the  perpendicular  height. 

Thus,  AA+_^  xEF=  area. 


TRAPEZIUMS. 

A  trapezium  has  four  sides,  no  two  of  which  are  parallel 

To  Find  the  Area  of  a  Trapezium.— Divide  the  trape- 
zium into  two  triangles,  and  find  the  area  of  each 
according  to  the  rules  given  under  the  head  of 
"  Triangles."  Add  together  the  areas  of  the  two 
triangles,  and  the  sum  will  equal  the  area  of  the 
trapezium.  The  sides  and  angles  can  be  found  in 
the  same  manner. 

If  the  diagonals  and  the  perpendiculars  from  them  to  the  opposite  angles 
are  given,  add  together  the  two  perpendiculars,  multiply  the  sum  by  the 
diagonal,  and  divide  by  2. 

The  sum  of  the  four  angles  included  in  a  trapezium  always  equals  four 
right  angles.  

POLYGONS. 

All  figures  bounded  by  more  than  four  straight  lines  are  called  polygons. 


Pentagon. 


Hexagon. 


Heptagon. 


Octagon. 


If  all  the  sides  and  angles  are  equal,  it  is  a  regular  polygon.  If  not,  it  is 
an  irregular  polygon. 

The  sum  of  the  interior  angles  of  any  polygon  is  equal  to  twice  as  many 
right  angles  as  the  polygon  has  sides,  less  four  right  angles. 

To  Find  the  Area  of  Any  Reguiar  Polygon.— Square  one  of  its  sides  and 
multiply  by  the  number  given  in  the  column  of  areas  in  the  following 
table.  Or,  multiply  the  length  of  one  of  the  sides  by  one-half  the  length 
of  a  i)erpendicular  drawn  to  the  center  of  the  figure,  and  this  product  by 
the  number  of  sides. 

Having  the  Side  of  a  Reguiar  Polygon,  to  Find  the  Radius  of  a  Circumscribing 
Circle.— Multiply  the  side  by  the  corresponding  number  in  following 
column  of  outer  radii.    If  the  radius  of  the  circumscribing  circle  be  given, 


CIRCLES, 
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divide  it  by  the  number  in  column  of  outer  radii,  and  the  quotient  will  be 
the  gide  of  the  polygon. 
To  Find  the  Area  of  in  Irregultr  Polygon.— Divide  it  into  triangles,  find  the 

Table  of  Regular  Polygons  Whose  Sides  Are  Unity. 


10 

11 

12 


Equilateral   triangle 

Square 

Penta^n 

Hexagon 

Heptagon   

Octagon  

Nonagon 

Decagon  

Undecagon 

Dodecagon 


Areas. 

Outer 
Radii. 

.4330 

.5774 

1.0000 

.7071 

1.72a'> 

.8507 

2.5»81 

1.0000 

3.6339 

1.1524 

4.8284 

1.3066 

6.1818 

1.4619 

7.6942 

1.6180 

9.3656 

1.7747 

11.1962 

1.9319 

Angles  Contained   Angle  at  Center 

Between         i  of 

Two  Sides.      |  Circle. 


60° 

120° 

90°        90°- 

108° 

72° 

120° 

60° 

128°  34' 17"  + 

510  25'43"- 

135° 

450 

140° 

40° 

1440 

36° 

147°  16'  22"- 

32°  43' 38"+ 

150° 

30° 

area  of  each  triangle,  and  add  them  together.    The  sum  will  be  the  area 
of  the  polygon. 

To  Find  the  Aree  of  •  Figure  Whose  Outlinet  Are  Very  Irregolor.— Draw  straight 
lines  around  it  that  will  enclose  within  them  (as  nearly  as  can  be  judged) 
as  much  space  not  belonging  to  the  figure  as  they  exclude  space  belong- 
ing to  it.  The  area  of  the  figure  thus  formed  may  be  easily  found  by 
diTiding  into  triangles. 


GIRCLES. 

{See  Table  qf  Areas  of  Circles,  Etc.) 

A  circle  is  a  figure  bounded  by  a  curved  line,  every  point  of  which  is  equi- 
distant firom  the  center.    Or,  a  circle  is  a  regular  poly- 
gon of  an  infinite  number  ot  sides. 

The  clreomference  of  a  circle  equals  the  diameter 
multiplied  by  3.1416,  or  the  square  root  of  the  product 
of  the  area  multiplied  by  12.566. 

To  Find  the  Diameter.— Divide  the  circumference  by 
3.1416,  or  multiply  it  by  .31831. 

To  Find  the  Area  of  a  Circle.— Multiply  the  circumfer- 
ence by  one-fourth  of  the  diameter,  or  the  square  of  the 
radius  by  3.1416.  Multiply  the  square  of  the  diameter 
by  .7854,  or  the  square  of  the  circumference  by  .07958. 

To  Find  the  Diameter  of  a  Circle  Equal  in  Area  to  a  Given  Square.— Multiply 
onesicle  of  the  square  by  1.12838. 

To  Find  the  Radius  of  a  Circle  to  Circumscribe  a  Given  Square.- Multiply 
one  side  by  .7071;  or  take  one-half  the  diagonal. 

„  To  Find  the  Side  of  a  Square  Equal  In  Area  to  a  Given  Circle.— Multiply  the 
diameter  by  .88623. 

,.  To  Find  the  Side  of  the  Greatest  Square  In  a  Given  Circle.— Multiply  the 
diameter  by  .7071. 

To  Find  the  Area  of  the  Greatest  Square  In  a  Given  Circle.- Squaretheradius 
andmultiplyby  2. 

„  To  Find  tne  Side  of  an  Equilateral  Triangle  Equal  in  Area  to  a  Given  Circle. 
Multiply  the  diameter  by  1.3468. 

Having  the  Chord  and  Rise  of  an  Arc,  to  Find  the  Radius.— Square  half  the 
chord,  and  divide  by  the  rise.  To  the  quotient  add  the  rise,  and  divide  by  2. 
Or,  radius  =  the  square  of  the  chord  of  half  the  arc  divided  by  twice  the 
nseofthe  whole  arc. 

Hning  the -Chord  and  Radlua,  to  Find  the  Riae.— Square  the  radius,  also 
square  half  the  chord.  Take  the  last  square  from  the  first.  Extract  square 
root  of  the  remainder,  and  subtract  it  from  the  radius  if  the  radius  is  greater; 
ifnot,  add  it  to  the  radius. 

Having  the  Radius  and  Rise,  to  Find  the  Chord.— From  the  radius  subtract 
the  rue  (or  firam  the  rise  subtract  the  radius,  if  rise  is  the  greater),  square 
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the  remainder,  and  subtract  it  from  the  square  of  the  radius.    Extract  th^ 
square  root  of  the  remainder,  and  multiply  by  2. 

Having  the  Rise  of  the  Arc  and  Diameter  of  Circle,  to  Find  the  Chord.— Sul>- 
tract  the  rise  from  the  diameter,  and  multiply  the  remainder  by  the  rise. 
Extract  the  square  root  of  the  product,  and  multiply  by  2. 

To  Find  the  Breadth  of  a  Circular  Ring,  Having  its  Area  and  the  Diameter  9€ 
the  Outer  Circle.— Find  the  area  of  the  whole  circle,  and  froixi. 
it  take  the  area  of  the  ring.  Multiply  the  remainder  b^r 
1.2732,  and  the  square  root  of  the  product  will  be  the  diaio.- 
eter  of  the  inner  circle.  Take  it  from  the  diameter  of  tlie 
outer  one,  and  the  remainder  will  be  twice  the  breadth. 

To  Find  the  Area  of  a  Circular  Ring.— Take  the  difference  or 
the  squares  of  the  radii,  and  multiply  it  by  3.1416. 

To  Find  the  Length  of  an  Arc  When  Its  Degrees  and  Radius  Are 
Given.— Multiply  the  number  of  degrees  by  .01745,  and  the  product  by  tlie 
radius. 

To  Find  the  Area  of  a  Sector.— Multiply  the  arc  by  one-half  the  radius. 
The  area  of  the  sector  is  to  the  area  or  the  circle  as  the  number  of  degrees 
in  the  sector  is  to  360°. 

To  Find  the  Area  of  a  Segment.— Find  the  area  of  the  sector  having  the 
same  arc,  and  also  the  area  of  the  triangle  formed  by  the  chord  of  the  segment 
and  the  radii  of  the  sector.  If  the  segment  is  greater  than  a  semicircle,  add 
the  two  areas;  if  less,  subtract  them. 


THE    ELLIPSE. 

To  Find  the  Area  of  an  Ellipse.— Multiply  one-half  of  the  two  axes  ii^and 


-Multiply  one-half 


CD  together,  and  multiply  tne  product  oy  3.1416. 

To  Find  the  Perimeter  of  an  Eilipse.- 
the  sum  of  the  two  axes  by  3.1416. 

To  Draw  an  Approximate  Ellipse  (Methodby  Three  Squares). 
Let  a  be  the  center,  b  c  the  major,  and  a  e  half  the  minor 
axis  of  an  ellipse.  Draw  the  rectangle  bfgc,  and  the 
diagonal  line  b  e;  at  a  right  angle  to  be,  draw  line /A  cut- 
ting BBsit  i.    With  radius  a  e,  and  fh>m  a  as  a  center, 

draw  the  dotted  arc  ej,  giving  the  pointy'  on  the  line  B  B.    From  k,  which  is 

central  between  b  and ,?,  draw  the  semicircle  b  mj,  cutting  AA&tl.    Draw 

the  radius  of  the  semicircle  5  mj,  cutting  fg  at  n.    With  radius  m  n,  mark 

on  A  A,  at  and  from  a  as  a  center,  the  point  o.    With  radius  ho,  and  from 

center  h,  draw  the  arc  poq.    With  radius  a  I, 

and  from  b  and  c  as  centers,  draw  arcs  cut- 
ting poq  B,t  the  points  o  and  o.    Draw  the 

lines  hpr  and  hqs,  ana  also  tne  lines  pi < 

and  qvw.    From  A  as  a  center,  draw  tnat 

part  of  the  ellipse  lying  between  r  and  s 

with  radius  h  r.    From  o  as  a  center  draw 

that  part  of  the  ellipse  lying  between  r  and 

t  with  the  radius  pr.    From   q,  draw   the 

ellipse  from  s  to  w.    With  radius  i  t,  from  i  as 

a  center,  draw  the  ellipse  from  t  to  6  with 

radius  i  t,  and  from  v  as  a  center,  draw  the 

ellipse  from  w  to  c,  and  one-half  the  ellipse 

will  be  drawn.    It  will  be  seen  that  the  whole 

construction  has  been  performed  to  find  the 

centers  h,  p,  q,  i,  and  v,  and  that  while  v  and  i 

may  be  used  to  carry  the  curve  around  the  other  side  or  half  of  the  ellipse, 

new  centers  must  be  provided  for  h,  p,  and  q\  these  new  centers  correspond 

in  position  to  h,p,  q. 

Straightedge  Method.— On  a  straightedge,  lay  off  AB 
equal  to  one-half  the  short  diameter  and  A  C  equal  to 
one-half  the  long  diameter.  Determine  points  on  the 
circumference  of  the  ellipse  by  marking  positions  of 
A.  as  the  point  B  is  moved  along  the  major  axis  and,  at 
the  same  time,  the  point  C  along  the  minor  axis. 
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THE   CUBE   AND   THE    PARALLELO PIPED. 

To  Find  the  Surface  of  •  Cubs.— Multiply  the  area  of  one  side  by  6. 

To  Find  th«  Surfice  of  i  Paritloloplped.— Add  together  twice  the  area  of 
the  base,  twice  the  area  of  the  side,  and  twice  the  area  of  the  end. 

To  Find  the  Cubioal  Contents  of  s  Cube  or  Psrsllslopipsd.— Multiply  the  area 
of  the  base  by  the  perpendicular  height. 


THE    PRISM. 

To  Find  the  Convex  Sorfaos  of  s  Rtgiit  Prism.— Multiply  the 
perimeter  of  the  base  by  the  altitude. 

To  find  the  entire  surface,  add  the  areas  of  the  bases. 

To  Find  the  Contents  of  s  Prism.— Multiply  the  area  of  the 
base  by  the  altitude  of  the  prism. 


THE   CYLINDER. 

To  Find  the  Convex  Surfsoe  of  s  Cyiinder.— Multiply  the  circum- 
ference of  the  base  by  the  altitude. 

To  find  the  entire  surface,  add  the  areas  of  the  ends. 

To  Find  tho  Contonts  of  s  Cylindsr.— Multiply  the  area  of  the 
base  by  the  altitude. 

THE   SPHERE. 

To  Find  the  Surfsoe  of  s  Sphsre.— Multiply  the  diameter  by  the  circum- 
ference; or,  square  the  radius  and  multiply  it  by  4  and  3.1416. 

To  Find  the  Contents  of  s  Sphere.— Multiply  the  surface  by 
one-third  of  the  radius;  or,  multiply  the  cube  of  the  diam- 
eter by  .5236. 

To  find  the  Surfsoe  of  s  Zone.— Multiply  the  height  of  the 
zone  by  the  circumference  of  a  great  circle  of  the  sphere. 

To  Find  the  Contents  of  s  SpheriesI  Sesmont  of  One  Bsso. 
Add  the  square  of  the  height  to  three  times  the  square  of 
the  radius  of  the  base;  multiply  this  sum  by  the  height, 


and  the  product  bv  .5236. 
The  curved  sarfaci 


ce  on  a  hemisphere  is  equal  to  twice  its  plane  surface,  and 
the  curved  surface  on  a  quarter  of  a  sphere  is  equal  to  its  plane  surface. 


THE    PYRAMID. 

To  Find  the  Convex  Surfsoe  of  s  Pyrsmid.— Multiply  the  per- 
imeter of  the  base  by  one-half  the  slant  height. 

To  find  the  entire  sur£etce,  add  the  area  of  the  base. 

To  Find  the  Contents  ef  s  Pyrsmid.— Multiply  the  area  of  the 
base  by  one-third  of  the  altitude. 


THE   CONE. 

To  Find  the  Convex  Surfsoe  of  a  Cone.— Multiply 
the  circumference  of  the  base  by  one-half  the 
slant  height. 

To  find  the  entire  surface,  add  the  area  of  the 
base. 

^     To  Find  the  Contents  of  s  Cone.— Multiply  the  area 
of  the  haae  by  one-third  of  the  altitude. 
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THE    FRUSTUM    OF  A    PYRAMID   OR   OONE. 

To  Find  ths  Convax  Sarfaoe.— Multiply  one-half  of  the  sum  of  the  perim- 
eters or  circumferences  of  the  two  bases 
by  one-half  the  slant  height. 

The  entire  surface  is  found  by  a4lding 
the  areas  of  the  two  bases. 

To  Find  ths  Contentt  of  ■  Frustum. — Add 
together  the  sum  of  the  two  bases  and 
the  square  root  of  their  product,  and  mul- 
tiply the  sum  by  one-third  of  the  altitude  of  the  frustum. 


CYLINDRICAL    RINGS. 

A  oylindriosi  ring  is  formed  by  bending  a  cylinder  or  pipe  until  its  two 
ends  meet. 

To  Find  ths  Surfsos  of  s  Cylindricsl  Ring.— To  the  thickness 
of  the  ring,  add  the  inner  diameter,  multiply  this  sum  by  the 
thickness  of  the  ring,  and  the  product  by  9.8696. 

To  Find  ths  COntsnts  of  a  Cylindrical  Ring.— To  the  thickness 
of  the  ring  add  the  inner  diameter,  multiply  this  sum  by 
the  square  of  one-half  the  thickness. 

To  Find  ths  Volums  of  an  Irrsgular  Body.— Fill  a  vessel  of 
known  dimensions  with  water,  and  immerse  the  body.    The  contents  will 
equal  the  volume  of  water  displaced. 

THE    PRISMOIDAL    FORMULA. 

This  formula  is  the  invention  of  Mr.  El  wood  Morris,  C.  E.,  of  Philadelphia, 
and  is  extensively  used  in  calculating  the  cubical  contents  of  cuttings, 
embankments,  etc. 

It  embraces  all  parallelopipeds,  prisms,  pyramids,  cones,  wedges,  etc., 
whether  regular  or  irregular,  right  or  oblique,  with  their  fhi  stums  when  cut 
parallel  to  their  bases.  In  fact,  it  embraces  all  solids  having  two  parallel 
faces  or  sides,  provided  these  two  faces  are  united  by  surfaces,  whether  plane 
or  curved,  on  which,  and  through  every  point  of  which,  a  straight  line  may 
be  drawn  from  one  of  the  parallel  faces  to  the  other. 

To  Find  ths  Contsnts  of  Any  Priamoid.- Add  together  the  areas  of  the  two 
parallel  surfaces,  and  four  times  the  area  of  the  section  taken  half  way 
Detween  them,  and  parallel  to  them:  multiply  the  sum  by  the  peri)endicular 
distance  between  the  two  parallel  sides,  and  divide  the  product  by  6. 


PLANE  TRIGONOMETRY. 


P.ane  trigonomstry  treats  of  the  solution  of  plane  triangles. 
In  every  triangle,  there  are  six  parts— three  sides  and  three  angles.    These 
parts  are  so  related  that  when  three  of  the  parts  are  given,  one  being  a  side, 
the  other  parts  may  be  found. 

An  angle  Is  measured  by  the  arc  included  between  its  sides,  the  center  of 
the  circumference  being  at  the  vertex  of  the  angle. 

For  measuring  angles,  the  circumference  is  divided  into  360  equal  parts, 
called  degress;  each  degree  into  60  equal  parts  called 
minutea. 

A  quadrant  is  one-fourth  the  circumference  of  a  cir- 
cle, or  90°. 

The  complement  of  an  arc  is  9QP  minus  the  arc;  D  C 
is  the  complement  of  B C,  and  the  angle  DOC  \&  the 
complement  of  BO  C. 

The  supplement  of  an  arc  is  180°  minus  the  arc;  A  E 

is  the  supplement  of  the  arc  B  D  E,  and  the  angle  BOE. 

In  trigonometry,  instead  of  comparing  the  angles  ot 

triangles  or  the  arcs  that  measure  them,  we  compare 

the  trigonometric  functions  known  as  the  sine,  cosine,  tangent,  cotangetit, 

secant,  and  cosecant. 

The  aine  of  an  arc  is  the  perpendicular  let  fall  from  one  extremity  of  the 
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arc  on  the  diameter  that  paaKs  througrh  the  other  extremity.    Thus,  C/>  is 
tlie  flAne  of  the  arc  A  C. 

Tlie  oosiatt  of  an  arc  is  the  sine  of  its  complement;  or  it  is  the  distance 
fVom.  the  foot  of  the  sine  to 

the     center  of    the    circle.  b         coTAnctttr • 

Thus,  CE  OT  OD  equals  the  — — ^ — 

co«iiie  of  arc  A  C. 

Tlie  tanftst  of  an  arc  is  a 
line  that  is  perpendicular  to 
tlie  radius  at  one  extremity 
of  an  arc  and  limited  hy  a 
line  passing  through  the  cen- 
ter or  Ae  circle  ana  the  other 
extremity.  Thus,  ^  T  is  the 
tai^ent  of  AC. 

The  cstanftnt  of  an  arc  is 
equal  to  the  tangent  of  the 
complement  of  the  arc. 
Thus,  B  T  is  the  cotangent 
of  ^C. 

The  seeant  of  an  arc  is  a 
line  drawn  from  the  center 
of  the  circle,  through  one  extremity  of  the  arc,  and  limited  by  a  tangent  at 
the  other  extremity.    Thus,  O  2*  is  the  secant  of  A  C. 

The  coaeeant  of  an  arc  is  the  secant  of  the  complement  of  the  arc.    Thus, 
O  I*  is  the  cosecant  of  A  C. 

The  varsa4  ainaof  an  arc  is  that  part  of  the  diameter  included  between  the 
extremity  of  the  arc  and  the  foot  of  the  sine.    DA  is  the  versed  sine  of  A  C. 

The  oavaraed  aina  is  the  versed  sine  of  the  complement  of  the  arc.    Thus, 
B  Eia  the  covened  sine  of  A  C. 

From  the  above  deflnitiona,  we  derive  the  following  simple  principles: 

1.  The  sine  qf  an  arc  equals  the  sine  of  its  supplement,  and  the  cosine  of  an 
are  equaU  the  cosine  cfits  supplement. 

2.  The  tangent  of  an  are  equals  the  tangent  of  its  supplement,  and  the  cotan- 
gent of  (in  arc  equals  the  cotangent  qfits  supplement. 

3.  The  secant  of  an  arc  equals  the  secant  of  its  supplement,  and  the  cosecant 
equals  the  cosecant  qfits  supplement. 


Thus, 
sine  of  70°  = 
tangent  of  70°  = 
secant  of    70°  = 


=  sine  of  110°.  cosine  of        70°  =  cosine  of  110°. 

■■  tangent  of  110°.         cotangent  of  70°  =  cotangent  of  110°. 
secant  of  110°.  cosecant  of    70°  =  cosecant  of  110°. 


Thus,  if  vou  want  to  find  the  sine  of  an  angle  of  120°  SO',  look  for  the  slue 
of  180  —  120°  SO',  or  69°  30',  etc. 

In  the  rt.  a  a^y  «,  the  following  relations  hold:         • 


sin  c  ■■ 


Functions  of  tlie  sum  and  difference  of  two  angles: 

sin  (-4  +  ^)  =  sin  A  cos  B  -\-  cos  A  sin  B. 

cos  (A  +  B)  =  cos  A  cos  B  —  sill  A  sin  B. 

sin  (A  —  B)  =  sin  A  cos  5  —  cos  ^  sin  B. 

cos  (A  —  B)  —  cos  A  cos  JR  4-  sin  ^  sin  B. 

Natural  sines,  tangents,  etc.  are  calculated  for  a  circle  whose  radius  is 

unity  and  logarithmic  sines,  tangents,  etc.  are  calculated  for  a  circle  whose 

radius  is  10,000,000,000.  

PRACTICAL    EXAMPLES    IN    THE    SOLUTION    OF  TRIANGLES. 

CaseI.    To  Datermina  tha  Height  of  a  Vertical  Object  Standing  on  a  Horizon- 
tal Plana.— Measure  from  the  foot  of  the  object  any  convenient  horizontal 
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/     0 

/          B 

distance  Ji  B\  at  the  point  ui,  take  the  angle  of  elevation  BAC.  Then,  as  B 
is  known  to  be  a  right  angle,  we  have  two  angles  and  the  included  side  of  8 
triangle. 

Assuming  that  the  line  ^  B  is  300  ft.  and  the  angle  BAC=  40°,  the  angle 
C  =  180O  -  (90°  4-  40°)  =  50°.     Then, 
sin  C  :  A  5  : :  sin  J[  :  5  a 
or  .766044  :  300  : :  .642788  :  (  ),  or  251.73+  ft. 

Or,  by  logarithms: 

Log  300  =    2.477121 

Log  sin  40°  =    9.808067 

12.286188 

Log  sin  50°  =    9.884254 

(1)  2.400934  or  log  of  251.73+  ft 

Hence,  BC=  251.73+  ft. 
Case  2.    To  Find  the  Dittanca  of  a  Vertical  Object  Whoae  Height  Is  Known.-At  a 
point  A,  take  the  angle  of  elevation  to  the  top  of  the  object.    Knowing  that 
the  angle  B  is  a  right  angle,  we  have  the  angles  B  and  A  and  the  side  B  C. 

Assuming  that  me  side  BC  =  200  ft.  and  the  angle 
A  =  30°,  we  have  a  triangle  as  follows:  Angle  A  = 
30°,  B  =  90°,  C  =  60°,  and  the  side  BC^  200 ft. 

Then,  sin  ^  :  J5  C7: :  sin  C  :  AB, 

or  .5  :  200  : :  .866025  :  (  ),  or  346.41  ft. 

By  logarithms: 

Log  200  =    2.301030 
Log  sin  60°  =    9.937531 


Log  sin  30°  =  ^. 


12.238561 


2.539591  or  log  of  346.41  ft. 
Case  3.    To  Find  the  Diatanoe  of  an  Inaooeaalble  Object^Measure  a  hori- 
zontal base  line  A  B,  and  take  the  angles  formed  by  the  lines  BAC  and  ABC. 
We  then  have  two  angles  and  the  included 
side.    Assuming  the  angle  A  to  be  60°,  the 
angle  B  50°,  and  the  side  .4  5  =  500  ft.,  we 
have  the  angle  C  =  180°  —  (60°  +  50°)  =  70°. 
Then, 

sin  70°  :  ^  B  : :  sin  ^  :  B  (7, 
and         aik70P  :  A B  ::  ain  B  :  A  C; 
or,     .939693  :  500  : :  .866025  :  B  C,  or  460.8+, 
and  .939693  :  500  : :  .766044  :  ^  C,  or  407.6+. 
By  logarithms: 

Log  500=   2.698970 

Log  sin  60°  =  9.937531 

12.636501 

Log  8in70°  =  9.972986 

2.663515^  log  of  460.8+. 

Log500=   2.698970 

Logsin50°=  9.884254 

12.583224 

Logsin70°  =   9.972986 

2.610238  =  log  of  407.6+ . 
Case  4.    To  Find  the  Distance  Between  Two  Objects  Separated  by  an  Impassi- 
ble Barrier.— Select  any  convenient  station,  as 
C,  measure  the  lines  CA  and  CB,  and  the  angle 
included  between  these  sides.    Then  we  have 
two  sides  and  the  included  angle. 

Assuming  the  angle  C  to  be  60°,  the  side  CA, 
600  ft.,  and  the  side  CB,  500  ft.,  Ave  have  the 
following  formula: 

CA  +  CB:CA-CB::  tan  -—   -  :  tan  ^  ~  ^ 


Then,         ~~Z—  = 


2 


180° 


2 
-60° 


or  60°. 


Then, 


1,100 :  100 : :  tan  60° :  tan  ^— ; 


Digitized  by  VjOOQIC 


PLANE  TRIGONOMETRY, 


37 


or,  1,100  :  100  : :  1.732050 :  .157459,  or  tangent  ^f 


B- 


-,  or  80  57'. 


Then,  60°  +  8°  57'  =  68o  57',  or  angle  B, 

and  60°  -  80  57'  -  51°  03',  or  angle  A. 

Having  found  the  angles,  find  the  third  side  by  the  same  method  as  Case  1. 

The  above  formula,  worked  out  by  logarithms,  is  as  follows: 

Log  100  =    2.000000 

Log  tan  60°  =  10^238561 

12.238561 

Log  1,100  =    3.041393 


9.197168  =  log  tan  of 


B-A 


or  8°  57'. 


Then,  eo^  +  8°  57'  =  68°  57',  or  angle  B, 

and  600-8°  57'  =  51°  03',  or  angle  A. 

Note.— The  greater  angle  is  always  oppo- 
site the  greater  side. 

Case  5.  To  Find  tht  Height  of  •  Vertioil 
Object  Standing  Upon  on  ineiinod  Piine.— Meas- 
ure any  convenient  distance  DU  on  a  line 
from  the  foot  of  the  object,  and,  at  the  point 
D,  measure  the  angles  of  elevation  EDA 
and  EDB  to  foot  and  top  of  tower.  We 
then  have  tW9  triangles,  both  of  which  may 
be  solved  by  Case  1,  and  the  height  a.bove 
D  of  both  the  foot  and  top  will  be  known. 
The  difference  between  them  is  the  height 
of  the  tower. 

Case  6.  To  Find  the  Height  ef  an  Inacoessible  Object  Above  i  Horizontil  Plane. 
Measure  any  convenient  horizontal  line  A  B  directly  toward  the  object,  and 
take  the  angles  of  elevation  at  A  and  B.  We  will  then  have  sufficient  data 
to  work  with.  Assuming  the  line  ^  5  to  be 
1,200  ft.  long,  the  angle  A,  25P,  and  the  angle 
D5C,  40°,  we  have  the  following:  As  the 
angle  DBC  is  40P,  the  angle  ABC  =  9(P  — 
40^or50o. 

Then,  having  the  side  B  C,  and  the  angle 
DBC  =  4XP,  and  the  angle  B DC  =  90°,  we 
find  the  side  CD  hy  the  same  method  as  in 
Casel. 

Second  Method.— It  it  is  not  convenient  to 
^        if^         measure  a  horizontal   base  line  toward  the 

*«r-.^  object,  measure  any  line  A  B,  Fig.  (6a),  and 

/m\  also  measure  the  horizontal  angles  BAD, 

•^  ABD,  and  the  angle  of  elevation  DBC. 

Then,  by  means  of  the  two  triangles  ABD 
and  CBD,  the  height  CD  can  oe  found. 
Then,  with  the  line  AB  and  the  angles 
BAD  and  ABD  known,  we  have  two 
angles  and  the  included  side  known.  The 
third  angle  is  readily  found,  and  the  side 
BD  can  be  found.  Then,  in  the  triangle 
BDCfVre  have  the  angle  B;  by  measure- 
ment, D  =  90®,  and  we  nave  the  side  B  D. 
Then,  the  side  CD,  or  the  vertical  height, 
can  be  fimnd  by  Case  1. 

Case  7.    To  Find  the  Distance  Between  Two 
liaooMflble  Objects  When  Polnta  Can  Be  Found 
From  Whioh  Beth  Objects  Can  Be  Seen.-Wi8h- 
Ing  to  know  the  horizontal  distance  between 
a  tree  and  a  house  on  the  opposite  side  of  a  river,  measure  the  line  A  B,  and, 
at  point  A,  take  the  angles  DAC,  and  DAB,  and, 
at  the  point  B,  take  the  angles  CBA  and  CBD. 
Assume  the  length  of  ^  5  =  400  ft. 

Angle  DAC=^  56° SC. 
Angle  D^  ^  =  42°  24'.      . 
Angle  C  5  ^  =  44°  36'.  )Qle 
Angle  C7.BD  =  6805O'.  ^ 
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In  the  triangle  ABD,  we  have  vl  ^  -  400  ft.,  the  angle  D  ^  J5  =  42^24' 
the  angle  ^  B  i>  =  (44°  36'  4-  68°  f*y)  =  113°  '2Sf,  and  the  angle  ADB  =  180* 
—  (42°  24'  -f  113°  26')  =  24°  10'.  Then,  according  to  Case  1,  find  the  side  D  B. 
We  then  have  three  angles  and  two  sides  of  the  triangle  ADB.  We  find 
the  third  side  ADXiy  Case  1. 

Then  in  the  triangle  -4  B  C,  we  have  the  angles  ABC  and  BAC,  and  the 
distance  A  B.  From  these  we  find  the  side  A  C.  Then,  in  the  triangle  A  D  C, 
we  have  the  sides  A  D  and  A  C,  and  the  angle  VAC,  and  we  then  find  the 
side  CD  by  Case  4.  

SURVEYING. 


Survsying  is  an  extension  of  mensuration,  and,  as  ordinarily  practiced, 
may  be  divided  into  surface  work,  or  ordinary  surveying,  and  underground 
work,  or  mine  surveying.  With  slight  modifications,  the  instruments 
employed  in  both  are  the  same,  and  coniast  of  a  compass— ii  the  work  Isof  little 
importance,  and  accuracy  is  not  required— a  tran^t,  level,  transit  and  level 
rods,  steel  tape  or  chain,  and  measuring  pins,  and  sometimes  certain  acces- 
sory instruments,  as  clinometers  or  slope  levels,  dipping  needles,  etc.,  as  will 
be  described  later. 

As  the  instrumental  work  is  generally  the  same  in  both  kinds  of  survey- 
ing, a  description  of  the  instruments  and  the  usual  practice  on  the  surface 
will  be  first  given,  and  afterwards  an  account  of  the  methods  of  mine  survey- 
ing as  practiced  in  the  anthracite  regions  of  Pennsylvania,  with  the 
deviations  from  the  practice  of  the  former. 

THE  COMPASS. 

The  comptss  may  be  either  a  pocket  compass,  or  a  surveyor's  comi>asB, 
and  may  be  used  by  holding  in  the  hand,  or  with  a  trii)Od.  The  Jacob's 
stafi",  convenient  for  use  on  the  surface,  is  frequently  useless  in  the  mine. 
The  compass  is  not  accurate  enough  for  the  construction  of  a  general  map  of 
the  mine.  It  is  useful  inasmuch  as  it  enables  the  mine  foreman  to  readily 
secure  an  approximate  idea  of  the  shape  of  the  workings,  and,  from  a  plan 
constructed  by  its  use,  he  can  get  an  approximate  course  on  which  to  drive  an 
opening  designed  to  connect  two  or  more  given  points.  If  the  opening  is  one 
that  will  be  expensive  to  drive,  and  should  be  straight,  the  compass  survey 
should  never  be  relied  on. 

TO    ADJUST  THE   COMPASS. 

The  Levels.— First  bring  the  bubbles  into  the  center  by  the  pressure  of  the 
hand  on  different  parts  of  the  plate,  and  then  turn  the  compass  half  way 
around;  should  the  bubbles  run  to  the  ends  of  the  tubes,  it  would  Indicate 
that  those  ends  were  the  higher;  lower  them  by  tightening  the  screws 
immediately  under,  and  loosening  those  under  the  lower  ends  until,  by 
estimation,  the  error  is  half  removed;  level  the  plate  again,  and  repeat  the 
first  operation  until  the  bubbles  will  remain  in  the  center  during  an  entire 
revolution  of  the  compass. 

The  sights  may  next  be  tested  by  observing  through  the  slits  a  fine  hair  or 
thread,  made  exactly  vertical  by  a  plumb.  Should  the  hair  appear  on  one 
side  of  the  slit,  the  sight  must  be  adjusted  by  filing  off  Its  under  surface  on 
the  side  that  seems  the  higher. 

The  needle  is  adjusted  in  the  following  manner:  Having  the  eye  nearly  in 
the  same  plane  with  the  graduated  rim  of  the  compass  circle,  with  a  small 
splinter  of  wood,  or  a  slender  iron  wire,  bring  one  end  of  the  needle  in  line 
with  any  prominent  division  of  the  circle,  as  the  zero  or  90°  mark,  and  notice 
if  the  other  end  corresponds  with  the  degree  on  the  opposite  side;  if  it  docs, 
the  needle  is  said  to  cut  opposite  degrees;  if  not,  bend  the  center  pin  by 
applving  a  small  brass  wrench,  fhmished  with  most  compasses,  about  one- 
eighth  of  an  inch  below  the  point  of  the  pin,  until  the  ends  of  the  needle  j 
are  brought  into  line  with  the  opposite  degrees.  | 

Then,  holding  the  needle  in  the  same  position,  turn  the  compass  halfway 
around,  and  note  whether  it  now  cuts  opposite  degrees;  if  not,  c6rrect  half 
the  error  by  bending  the  needle,  and  the  remainder  by  bending  the  center  pin. 

The  operation  must  be  repeated  until  perfect  reversion  is  secured  in  the 
irst  posluon.    This  being  obtained,  it  may  be  tried  on  another  quarter  of  the 


MAGKETJC  VARIATION.  39 

circle;  if  any  error  is  there  manifested,  the  correction  must  be  made  in 
the  center  pin  only,  the  needle  being  already  straightened  by  the  previouu 
operation. 

When  again  made  to  cut,  it  should  be  tried  on  the  other  quarters  of  the 
circle,  and  corrections  made  in  the  same  manner  until  the  error  is  entirely 
removed,  and  the  needle  will  reverse  in  every  point  of  the  divided  circle. 


TO    USE  THE   COMPASS. 

In  using  the  compass,  the  surveyor  should  keep  the  south  end  toward  his 
person,  and  read  the  bearings  flx>m  the  north  end  of  the  needle.  In  the  sur- 
veyor's compass,  he  will  observe  that  the  position  of  the  E  and  W  letters  on 
the  &ce  of  the  comx)ass  are  reversed  ttom.  their  natural  position,  in  order 
that  the  direction  of  the  sight  may  be  correctly  read. 

The  compass  circle  being  graduated  to  half  degrees,  a  little  practice  will 
enable  the  surveyor  to  read  the  bearings  to  quarters— estimating  with  his 
eye  the  space  bisected  by  the  point  of  the  needle. 

The  compass  is  usually  divided  into  quadrants,  and  zero  is  placed  at  the 
Dorth  and  south  ends.  90^  is  placed  at  the  E  and  W  marks,  and  the  gradua- 
tions run  right  and  left  fix>m  the  zero  marks  to  9(F.  In  reading  the  bearing, 
the  surveyor  will  notice  that  if  the  sights  are  pointed  in  a  N  W  direction,  the 
north  end  of  the  needle,  which  always  points  approximately  north,  is  to  the 
right  of  the  front  sight  or  fh>nt  end  of  the  telescope,  and,  as  the  number  of 
degrees  is  read  fh>m  it,  the  letters  marking  the  cardinal  points  of  the  compass 
read  correctly.  If  the  £.  or  east,  mark  were  on  the  right  side  of  the  circle,  a 
X  W  course  would  read  N  E.  This  same  remark  applies  to  all  four  quadrants. 
The  compass  should  always  be  in  a  level  position. 


MAGNETIO    VARIATION. 

Htfiittio  deollnatlen  or  vtrlstion  of  the  needle  is  the  angle  made  by  the 
magnetic  meridian  with  the  true  meridian  or  true  north  and  south  line.  It 
is  east  or  west  according  as  the  north  end  of  the  needle  lies  east  or  west  of 
the  true  median.  It  is  not  constant,  but  changes  from  year  to  year,  and, 
for  this  reason,  in  Ircrunning  the  lines  of  a  tract  of  land,  from  field  notes  of 
some  years'  standing,  the  surveyor  makes  an  allowance  in  the  bearing  of 
every  line  by  means  of  a  ver- 
nier that  is  so  graduated  that 
30  spaces  on  it  equal  31  on  the 
Kmb  of  the  instrument,  as 
shown  in  the  figure. 

To  Rsad  the  Vernier.— As  the 
compass  vernier  is  usually  so 
made  that  there  are  but  15 
spaces  on  each  side  of  the  zero 
mark,  it  is  read  as  follows: 
Note  the    degrees    and   half 

degrees  on  the  limb  of  the  instrument.  If  the  space  passed  beyond  the 
degree  or  half-degree  mark  by  the  zero  mark  on  the  vernier  is  less  than 
one-half  the  space  of  half  a  degree  on  the  limb,  the  number  of  minutes  is, 
of  course,  less  than  15,  and  must  be  read  from  tlie  lower  row  of  figures.  If  the 
space  pa^ed  is  greater  than  one-half  the  spacing  on  the  limb,  read  the  upper 
row  of  figiires.  The  line  on  the  vernier  that  exactly  coincides  with  a  line  on 
the  limb  is  the  mark  that  denotes  the  number  of  minutes.  If  the  index  is 
moved  to  the  riffht,  read  the  minutes  from  the  left  half  of  the  vernier;  if  moved 
to  the  left,  read  the  right  side  of  the  vernier. 

To  Torn  Off  the  Vorlotlon.— Moving  the  vernier  to  either  side,  and  with  it,  of 
course,  the  compass*  circle  attached,  set  the  compass  to  any  variation  by 
placing  the  instrument  on  some  well-defined  line  of  the  old  survev.  and  by 
taming  the  tangent  screw  (slow-motion  screw)  until  the  needle  of  the  com- 
pass indicates  the  same  bearing  as  that  given  in  the  old  field  notes  of  the 
original  survey.  Then  screw  up  the  clamping  nut  underneath  the  vernier 
and  run  all  the  other  lines  from  the  old  field  notes  without  further  alteration. 

The  reading  of  the  vernier  on  the  limb  gives  the  amount  of  variation  since 
the  original  survey  was  made. 

The  accompanying  map  shows  the  general  course  and  direction  of  isogenic 
lines  (those  passing  through  points  where  the  magnetic  needle  has  the  same 
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declination),  in  all  parts  of  the  United  States  and  Mexico  for  the  year  1900. 
These  lines  are  drawn  fUll  when  compiled  from  reliable  records,  but  dotted 
in  other  places.  The  declination  is  marked  in  degrees  at  each  end  of  every 
alternate  line,  the  sign  +  indicating  a  west  decimation,  and  the  sign  —  an 
east  declination.  The  yearly  variation,  or  change  of  declination,  for  the 
period  189&-1900  is  marked  in  numerous  places  on  the  map.  The  annual 
change  in  declination  is  given  in  minutes;  a  +  sign  signifies  increasing:  west 
or  decreasing  east  declination,  a  —  sign  the  reverse  motion.  Stations  to  the 
right  of  the  agonic  curve,  or  curve  of  no  declination,  have  west  declination, 
and  those  to  the  left,  east  declination.  The  large  black  circles  or  dots 
indicate  the  capitals  of  the  several  states. 

The  use  of  this  chart  is  quite  simple.  The  declination  for  any  place 
within  its  borders  is  either  found  by  inspection  or  by  simple  interpolation 
between  the  two  adjacent  curves;  the  value  found  is  for  1900.  For  any 
other  year  (and  fraction),  a  reduction  for  secular  change  between  the  epoch 
and  given  date  must  be  applied.  The  annual  change  of  the  declination 
during  the  period  1895-1900,  expressed  in  minutes  of  arc,  is  indicated  in 
the  chart  ( +  for  increasing  west  or  decreasing  east  declination  and  ^  for 
the  reverse  motion).  The  amount  varies  in  time,  but  not  sufficiently  during 
a  brief  interval  of  years  to  cause  any  serious  inaccuracy,  and  the  values  given 
on  the  chart  can  oe  used  for  a  number  of  years  to  come  for  all  practical 
purposes;  its  variation  with  geographical  position  must  be  estimated  from 
the  map. 

THE  TRANSIT. 

The  tnnsit  is  the  only  instrument  that  should  be  used  for  measuring  angles 
in  any  survey  where  great  accuracy  is  desired.  The  advantages  of  a  transit 
over  a  vernier  compass  are  mainly  due  to  the  use  of  a  telescope.  By  its  use 
angles  can  be  measured  either  vertically  or  horizontally,  and,  as  the  vernier 
is  used  throughout,  extreme  accuracy  is  secured. 

The  illustration  shows  the  interior  construction  of  the  sockets  of  a  transit 
having  two  verniers  to  the  limb,  the  manner  in  which  it  is  detached  from  its 

spindle,  and  how  it 
can  be  taken  apart 
when  desired.  The 
limb  b  is  attached  to 
the  main  socket  c, 
which  is  carefully 
fitted  to  the  conical 
spindle  h,  and  held 
in  place  by  the  spring 
catch  8. 

The  upper  plate  o, 
carrying  the  compass 
circle,  standards, 
etc.,  is  fastened  to  the 
flanges  of  the  socket 
*,  wliich  is  fitted  to 
the  upper  conical 
surface  of  the  main 
socket  c.  The  weight 
of  all  the  parts  is  sap- 
ported  on  the  small 
Dearings  of  the  end 
of  the  socket,  as 
shown,  so  as  to  make  as  little  friction  as  possible  where  such  parts  are 
being  turned  as  a  whole. 

A  small  conical  center,  in  which  a  strong  screw  is  inserted  ftom  below,  is 
brought  down  firmly  on  the  upper  end  of  the  main  socket  c,  thus  holding  the 
two  plates  of  the  instrument  securely  together,  and,  at  the  same  time,  allow- 
ing tnem  to  move  freely  around  each  other.  The  steel  center  pin  on  which 
the  needle  rests  is  held  by  the  small  disk  fastened  to  the  upper  plate  by 
two  small  screws  above  the  conical  center.  The  clamp  to  limb  d/,  vntn 
clamp  screw,  is  attached  to  the  main  socket.  The  instrument  is  leveled  by 
means  of  the  leveling  screws  I  and  placed  exactly  over  a  point  by  means  of 
*^«%  shifting  center.    The  plummet  is  attached  to  the  loop  p. 

he  verniers  on  a  transit  differ  from  those  on  a  compass  in  detail  only. 
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the  principle  is  the  same.  The  transit  remier  is  so  divided  that  30  spaces  on 
it  equal  In  length  29  on  the  limb  of  the  instrument.  The  method  of  reading 
it  is  practically  the  same  as  reading  a  compass  verniei,  except  that  on 
the  transit  the  vernier  is  made  with  all  of  the  30  divisions  on  one  side  of  the 
zero  mark. 

Each  division  of  the  vernier  is  therefore  ^A,,  or,  in  other  words,  1  minute 
shorter  than  the  half-desiee  craduations  on  the  limb. 

In  the  figure  the  reading  Is  20°  lO'.  If  the  zero  on  the  vernier  should  be 
beyond  2(Ho  on  the  limb  of 
the  transit,  and  the  line 
marked  10  should  coincide 
with  a  line  on  the  limb,  the 
reading  would  be  20°  40^. 
In  case  the  12th  line  from 
zero  should  coincide  with  a 
line  on  the  limb,  the  read- 
ing would  be  20°  42',  etc. 

In  some  transits,  the 
graduated  limb  has  two 
sets  of  concentric  gradua- 
tions, the  zero  in  both  being 
the  same,  and,  while  the  outside  set  is  marked  from  0°  each  way  to  90°,  and 
thence  to  0°  on  the  opposite  side  of  the  circle,  the  other  set  is  marked  from 
0^  to  360°  to  the  right,  as  a  clock  face.  The  inside  set  has  the  N,  S,  G,  and  W 
points  marked,  the  0°  of  the  inside  set  being  taken  as  north. 

The  interior  of  the  telescope  is  fitted  up  with  a  diaphragm  or  cross- wire 
ring  to  which  cross-wires  are  attached.    These  cross-wires  are  either  of 

Elatinum  or  are  strands  of  spider  web.  For  inside  work,  platinum  should 
e  used,  as  spider  web  is  translucent  and  cannot  readily  be  seen.  They  are 
set  at  right  angles  to  each  other  and  are  so  arranged  that  one  can  be 
adjusted  so  as  to  be  vertical  and  the  other  horizontal.  This  diaphragm  is 
suspended  in  the  telescope  by  four  capstan-headed  screws,  and  can  oe  moved 
in  either  direction  by  working  the  screws  with  an  ordinary  adjusting  pin. 
The  transit  should  not  be  subjected  to  sudden  changes  in  temperature  that 
may  break  the  cross-hairs.  In  case  of  a  break,  remove  the  cross-hair 
diaphragm  and  replace  the  broken  wire.  , 

The  intersection  of  the  wires  forms  a  very  minute  point,  which,  when 
they  are  adjusted,  determines  the  optical  axis  of  the  telescope,  and  enables 
the  surveyor  to  fix  it  upon  an  object  with  the  greatest  precision. 

The  imaginary  line  passing  through  the  optical  axis  of  the  telescope  is 
termed  the  line  of  coUimation,  and  the  operation  of  bringing  the  intersection  of 
the  wires  into  the  optical  axis  is  called  the  adjustment  of  the  line  of  coUimation. 
All  screws  and  movable  parts  should  be  covered,  so  as  to  keep  out  acid 
water  or  dust.  If  this  is  not  done,  the  mine  work  will  soon  use  up  a  transit. 
The  vertical  circle  on  the  transit  may  be  a  full  circle  or  a  segment.  The 
former  is  to  be  preferred,  as  it  is  always  ready  without  intermediate  clamp 
screws.  If  the  dip  of  a  sight  is  to  be  taken,  the  tape  must  be  held  at  the 
transit  head,  and  stretched  in  the  line  of  sight.  If  the  pitch  of  the  ground  is 
to  be  taken,  the  point  of  foresight  must  be  at  the  same  neight  as  the  axis  of 
the  transit,  and  the  sight  will  then  be  parallel  to  the  surface.  The  angle  of 
dip  is  read  •'  plus"  or  *'  minus,"  as  it  is  above  or  below  the  horizontal  plane. 
If  we  have  the  dip  of  a  sight,  and  the  distance  between  the  transit  head  and 
the  point  of  sight,  we  can  get  the  vertical  and  horizontal  components  of  that 
distance  fh)m  the  table  of  sines  and  cosines. 


ADJUSTMENTS  OF  THE  TRANSIT. 

The  use  of  a  transit  tends  to  disarrange  some  of  its  parts,  which  detracts 
from  the  accuracy  of  its  work,  but  in  no  way  injures  the  instrument  itself. 
Correcting  this  disarrangement  of  parts  is  called  adjusting  the  transit. 

First  Aifiustment.— 7b  make  the  level  tubes  parallel  to  the  vernier  plate. 

Plant  tne  feet  of  the  tripod  firmly  in  the  ground.  Turn  the  instrument 
until  one  of  the  levels  is  parallel  to  a  pair  of  opposite  leveling  screws;  the 
other  level  will  be  parallel  to  the  other  pair.  Bring  the  bubble  in  each  tube 
to  the  middle  with  the  pair  of  leveling  screws  to  which  the  tube  is  parallel. 
Next  turn  the  vernier  plate  halfway  around;  that  is,  revolve  it  through  an 
angle  of  180°.  If  the  bubbles  have  remained  in  the  middle  of  the  tubes,  the 
levels  are  in  proper  adjustment.    If  they  have  not  remained  so,  but  have 
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moved  toward  either  end,  bring  them  half  way  back  to  the  middle  of  the 
tubes  by  means  of  the  capstan-headed  screws  attached  to  the  tubes,  and  the 
rest  of  tne  way  back  by  the  leveling  screws.  Again  turn  the  vernier  plate 
through  180°,  and  if  the  bubbles  do  not  remain  at  the  middle  of  the  tub«^ 
repeat  the  correction.  Sometimes  the  adjustment  is  made  by  one  trial,  but 
usually  it  is  necessary  to  repeat  the  operation.  Each  level  must  be  adjusted 
separately. 

Stcond  Adjustment.— 7b  make  the  line  of  coUimation  perpendicular  to  the 
horizontal  axis  that  supports  the  telescope. 

With  the  instrument  firmly  set  at  A,  and  carefully  leveled,  sight  to  a  pin 
or  tack  set  at  a  point  B,  about  400  ft.  distant,  and  on  level  or  nearly  level 

ground.     Reverse   the    tele- 
^                                 -  _f>    scope;  that  is,  tarn  it  over  on 

^- —  -A  "^^    its  axis  until  it  points  in  the 


^- .  •"  ■p       lis  axis  unui  ii  poinis  in  tne 

^  ijiij  ".  J  _7  f '    opposite  direction,  and  set  a 

••^  *00r  V        pofnt  at  about  the  same  dis- 

tance, which  will  be  at  J). 
for  example,  if  this  adjustment  needs  correction.  Unclamp  the  vernier 
plate,  and,  without  touching  the  telescope,  revolve  the  instrument  about 
Its  vertical  axis  sufficiently  far  to  take  another  sight  upon  the  point  B. 
Then  turn  the  telescope  on  its  axis  and  locate  a  third  point,  as  at  C. 
Measure  the  distance  CD,  and  at  E,  one-fourth  of  the  distance  from  Cto  D, 
set  the  pin  or  tack.  Move  the  cross-hairs,  by  means  of  the  capstan-headed 
screws,  until  the  vertical  hair  exactly  covers  the  pin  at  E,  heme  careftil 
to  move  it  in  the  opposite  direction  from  that  in  which  it  appears  it  should 
be  moved.  Having  done  this,  and  then  having  reversed  the  telescope,  the 
line  of  sight  will  not  be  at  the  point  B,  but  at  0,  a  distance  from  B  equal 
to  CE.  Again  sight  to  B,  then  reverse,  and  the  pin  will  be  at  I'  in  the 
same  straight  line  with  A  B.  It  may  be  necessary  to  repeat  the  operation 
to  secure  an  exact  adjustment. 

Third  Adjustment.— IZb  make  the  horizontal  axis  of  the  telescope  parallel  to  the 
vernier  plate,  so  that  the  line  of  coUimaiion  vnU  revolve  in  a  vertical  plane. 

Sight  to  some  points  at  the  top  of  a  building,  so  that  the  tele- 
scope will  be  elevated  at  a  laree  angle.  Depress  the  telescope, 
ana .  set  a  pin  on  the  ground  below  at  a  point  B,  Loosen  the 
clamp,  turn  over  the  telescope,  and  turn  the  plate  around  suffi- 
ciently far  to  take  an  approximately  accurate  sight  upon  the 
point  A.  Then  clamp  the  instrument  and  again  take  an  exact 
sight  to  the  point  A.    Next  depress  the  telescope,  and  set  another 

Sin  on  the  ground,  which  will  come  at  C.  The  distance  BC  is 
ouble  the  error  of  adjustment.  Correct  the  error  by  raising 
or  lowering  one  end  of  the  telescope  axis  by  means  of  a  small 
screw  placed  in  the  standard  for  tnat  purpose.  The  amount 
the  screw  must  be  turned  is  determined  only  by  repeated  trials. 

Fourth  Adjustment.— 3b  make  the  axis  of  the  attached  level  of  the 
telescope  parallel  to  the  line  of  coUimation. 

Drive  two  stakes  at  equal  distances  from  the  instrument  and 
in  exactly  opposite  directions.  Level  the  plate  carefully,  and 
clamp  the  telescope  in  a  horizontal  position,  or  as  nearly  so  as 
possible.  Sight  to  a  rod  placed  alternately  upon  each  stake,  and  have 
the  stakes  driven  down  until  the  rod  reading  is  the  same  on  both  stakes. 
When  this  condition  is  reached,  the  heads  of  the  stakes  are  at  the  same 
levpl.  Then  move  the  instrument  beyond  one  stake  and  set  it  up  so  that 
it  will  be  in  line  with  both  stakes.  Level  the  plate  aM,in  and  elevate  or 
depress  the  telescope  so  that,  when  a  sight  is  taken  to  the  rod  held  on  first 
one  stake  and  then  on  the  other,  the  reading  will  be  alike  on  both.  In 
this  position,  the  line  of  coUimation  is  level,  and  the  bubble  in  the  level 
attacned  to  the  telescope  should  stand  in  the  center  of  the  bubble  tube.  If 
it  does  not,  bring  it  to  tne  center  by  turning  the  nuts  at  the  ends  of  the  tube, 
being  careftil  at  the  same  time  to  keep  the  telescope  in  the  position  that 
gives  equal  rod  readings  on  both  stakes. 

THE  CHAIN   OR  STEEL  TAPE  AND  PINS. 

The  ohsin,  which  is  generally  50  or  100  ft.  long,  should  be  made  of  annealed 

steel  wire,  each  link  exactly  1  ft.  in  length.    The  links  should  be  so  made  as 

o  reduce  the  liability  to  kink  to  a  minimum.    All  joints  should  be  brazed. 

id  handles  at  each  end  of  D  shape,  or  modifications  of  D  shape,  should  be 
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IHOvided.  These  handles  should  be  attached  to  short  links  at  e&ch  end,  and 
the  comlMned  length  of  each  of  these  short  links  and  one  handle  should  be 
exactly  1  ft.  The  handles  should  be  attached  to  the  short  link  in  such  a 
manner  that  the  chain  may  be  slightly  lengthened  or  shortened  by  screwing 
ttp  a  nut  at  the  handle.  It  should  be  divided  every  10  ft.  with  a  brass  tag,  on 
wmch  either  the  number  of  points  represents  the  number  of  tens  ft'om  the 
front  end,  or  the  number  of  tens  may  be  designated  by  figures  stamped  on 
the  tags. 

When  a  chain  is  purchased,  one  that  has  been  warranted  as  "  Correct, U.  S. 
Standard,"  should  be  selected,  and,  before  using  it,  it  should  be  stretched  on 
a  level  surface,  care  being  taken  that  it  is  straight,  and  no  kinks  in  it,  and 
the  extremities  marked  by  some  permanent  mark.  These  marks  can  be 
iised  in  the  future  to  test  the  chain.  It  should  be  tested  frequently,  and  the 
length  kept  to  the  standard  as  marked  when  it  was  new. 

In  chaining,  the  chalnmen  should  always  remember  the  axiom  that  a 
tiraighi  line  is  the  shortest  distance  between  two  points.  Ordinarily,  the  chain 
should  be  held  horizontally,  and  if  either  end  is  held  above  the  ground,  a 
pimnb-bob  and  line  should  be  used  to  mark  the  end  of  the  chain  on  the 
ground.  If  used  on  a  regular  incline,  the  chain  may  be  stretched  along  the 
incline,  and,  by  having  the  amount  of  declination,  the  horizontal  and 
vertical  distances  mav  either  be  calculated  or  found  in  the  Traverse  Table. 

For  accuracy,  steel  tapes  are  now  almost  exclusively  used  by  the  leading 
mining  engineers,  on  account  of  their  greater  accuracy  as  compared  with 
chains. 

The  stt^l  tap*  is  simply  a  ribbon  of  steel,  on  which  are  marked,  by  etching, 
or  other  means,  the  different  graduations,  which  may  be  down  to  inches  or 
tenths  of  a  foot,  or  may  be  only  every  foot.  It  is  wound  on  a  reel,  and  may 
be  any  desired  length  up  to  500  ft. 

A  well-made  tape  should  not  vary  ^iv  ft.  in  100  ft.,  at  any  given  standard 
of  temperature.  The  steel  of  the  tape  should  not  be  too  hiffh  m  carbon,  or  it 
will  be  brittle  and  liable  to  snap  on  a  short  bend,  nor  should  it  be  of  too  soft 
steel,  or  it  will  stretch  when  strongly  pulled. 

CarefVil  gunsmiths  can  make  and  repair  steel  tapes  with  a  high  degree  of 
accuracy,  and  Ailly  as  reasonably  as  the  instrument  makers.  For  outside 
work,  tapes  1,000  ft.  long  have  been  made,  but  500  ft.  will  be  found  as  long  as 
can  w^f  be  used  in  a  mine,  owing  to  the  lack  of  Ions  sights,  and  to  the 
increased  weight  of  so  long  a  tape.  The  average  length  is  300  ft.  The  300  ft. 
are  divided  into  10-ft.,  5-ft.,  2-ft.,  or  1-ft.  lengths,  as  desired,  and  the  tenths 
and  hundredths  of  a  foot  are  read  by  means  of  a  pocket  tape  or  measuring 
pin.  Sometimes  there  is  an  extra  division  before  the  zero  mark,  which  is 
divided  into  feet  and  the  first  foot  into  tenths..  With  such  a  tape,  a  distance 
can  be  accurately  measured  to  tenths,  or  even  quite  approximately  to 
hundredths  of  a  foot. 

The  ends  are  fitted  with  eyes  on  swivel-joints,  to  prevent  straining  by 
twisting.  Handles  of  various  lorms  have  been  devised  to  enable  the  tape  to 
be  stretched,  or  to  clamp  a  broken  end.  Some  parties  use  ordinary  springs 
to  prevent  overstraining,  and,  in  certain  cases,  spring  scales  are  used,  and 
the  same  degree  of  tension  can  be  readily  produced,  and,  in  this  way,  the 
exact  amount  of  sag  can  be  calculated  for  anv  length,  and  the  necessary 
eorrection  made.  To  keep  a  mark  on  the  tape  for  frequent  reference,  a  clip 
(made  by  bending  sharply  on  itself  a  piece  of  steel  i  in.  X  3  in.)  is  slipped 
upon  the  tape,  where  it  will  remain  unless  subjected  to  considerable  force. 
Reels  for  winding  the  tape  are  made  of  iron  or  wood,  and  vary  greatly  in 
sise  and  shane. 

When  distances  do  not  come  at  even  feet,  the  fractional  part  of  the  foot 
should  always  be  noted  in  tenths.  Thus,  53  ft.  and  6  in.  should  always 
be  noted  as  53.5  ft. 

Plug, — Pins  should  be  from  15  to  18  in.  long,  made  of  tempered-steel  wire, 
and  should  be  pointed  at  one  end,  and  turned  with  a  ring  for  a  handle. 
When  using  a  BO-ft.  chain,  a  set  of  pins  should  consist  of  eleven,  one  of  which 
should  be  custinguis^ed  by  some  peculiar  mark.  This  should  be  the  last  pin 
stuck  by  the  front  chaJnman.  when  all  eleven  pins  have  been  stuck,  the 
front  chainman  calls  "Out!"  and  the  back  chainman  comes  forward  and 
delivers  him  the  ten  pins  that  he  has  picked  up,  and  he  notes  the  "out.** 
When  giving  the  distance  to  the  transitman,  he  counts  his  "outs,"  each  of 
which  consists  of  500  ft.,  and  adds  to  their  sum  the  number  of  fifties  as  denoted 
bvthe  pins  in  his  possession,  and  the  odd  number  of  feet  and  fractional  parts 
oU  foot  from  the  last  pin  to  the  front  end  of  the  chain. 
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The  accuracy  and  value  of  a  survey  depend  as  much  on  the  careftil  work 
of  the  chainmen  as  on  anything  else,  and  no  one  should  he  allowed  to 
either  drag  or  read  the  chain  that  is  not  intelligent  enough  to  appreciate  the 
importance  of  extreme  accuracy. 

Pins  are  generally  used  in  outside  work,  where  they  can  be  easily  stuck 
into  the  sround,  readily  seen,  and  avoided,  and  the  chances  of  their  being 
disturbed  are  slight. .  Inside  work  generally  contains  so  many  chances  of 
error  in  their  use  that  they  are  usually  abandoned  in  favor  of  other 
methods.  If  the  sight  be  longer  than  the  length  of  the  tape,  it  is  usual  to 
drive  a  tack  in  a  sill  or  a  collar  at  a  point  intermediate  between  the  stations, 
and  take  a  measurement  to  the  tack  from  each  station,  with  the  dip  of  the 
sights;  or  a  tripod  is  set  up  in  the  line  of  sight,  and  the  horizontal  distance 
is  measured  from  each  station  to  the  string  of  the  plumb-bob  under  the 
tripod.    The  first  method  is  the  more  accurate. 

>lMinb-Bob.— The  plumb-bob  takes  the  place  of  the  transit  rod  in  under- 
ground work,  as  the  stations  are  usually  in  the  roof,  and  strings  are  hung^  from 
them  to  fUmish  foresights  and  backsights.  Plumb-bobs  vary  in  weight  and 
shape.  At  various  times  and  in  various  countries  where  mine  surveys  have 
been  made,  the  idea  of  sighting  at  a  flame  has  been  considered,  and,  from 
rough  methods  of  setting  a  lamp  on  the  floor  on  foresight  and  backsight, 
there  have  arisen  various  forms  of  plummet  lamps.  The  idea  is  to  continue 
the  practice  of  sighting  to  a  flame,  but  to  make  that  flame  exactly  under  the 
station,  and  to  avoid  the  difficulty  in  sighting  to  the  string  of  the  plummet. 
The  idea  is  good,  but  there  has  never  oeen  devised  a  plummet  lamp  that 
would  be  as  tree  fh)m  error  under  all  circumstances  as  the  old-fashioned 
plummet,  so  that  the  majority  of  the  best  engineers  have  gone  back  to  the 
plummet.  The  best  plummet  is  the  one  that  combines  the  least  surface  with 
the  greatest  weight,  and  the  ordinary  shapes  used  for  outside  work  are  the 
best  for  inside  also.  In  a  "  windy  "  place,  a  hole  can  be  dug  in  the  ballast 
of  the  track  and  the  '♦  bob  "  let  into  this  shelter  where  it  will  be  unaflTected 
by  the  air.  The  cord  is  best  illuminated  by  placing  a  white  paper  or  card- 
board behind  it  and  holding  the  lamp  in  ftont  and  to  one  side.  The  string 
shows  as  a  dark  line  against  a  white  ground,  and  there  is  less  difficulty  in 
finding  it  than  when  the  light  is  placed  exactly  behind  it,  and  in  this  way  a 
careless  man  cannot  bum  the  string  by  poking  the  flame  against  it.  The 
white  background  will  also  illuminate  the  cross-hairs  Of  the  transit.  The 
backsight  "nob  "  can  be  made  of  lead,  as  there  are  no  "  centers  "  to  be  set  by 
this  man.  A  number  of  varieties  have  been  made  for  the  foresight,  to  aid  him 
in  "  center  setting  " ;  but  all  get  out  of  order  easily.  A  quick  man  will  do  as 
good  work  with  the  old-style  bob,  and  have  none  of  the  accidents  common 
to  the  others.  In  general,  it  may  be  said  that  the  instruments  used  for  outside 
work  will  be  sufficient  for  mine  work  also. 

The  olinomtter,  or  slope  Itvtl,  is  a  valuable  instrument  for  side-note  work; 
but  it  is  not  accurate  enough  for  a  survey,  and  its  place  is  taken  bv  the 
vertical  circle  on  the  transit.  There  are  two  styles  of  clinometer,  with  a 
bubble  and  with  a  pendulum.  The  latter  is  the  old-fashioned  and  moie 
accurate  German  "  Gradbogen  "  that  is  found  on  some  old  corps.  The  bubble 
variety  is  much  more  easily  rendered  worthless  by  the  breaking  of  the  bubble 
tube,  and  in  general  is  not  so  accurate  as  the  other  style,  which  consists  of  a 
semicircular  protractor  cut  out  of  thin  brass  and  fhrnished  with  hooks  at 
each  end,  that  it  can  be  hung  on  a  stretched  string  so  that  the  string  will 
pass  through  the  0°  and  180°  points.  The  dip  is  read  by  a  pendulum  swun^ 
m>m  the  center  of  the  circle.  If  made  sufficiently  laree  it  will  readily  read 
to  quarter  degrees.  By  inclining  the  string  parallel  to  the  surface  and 
haimng  the  clinometer,  the  dip  will  be  obtained.  A  pocket  instrument 
combining  a  compass  and  clinometer  can  be  obtained  from  any  dealer  in 
surveying  instruments.*  

FIKLD    NOTES    FOR   AN    OUTSIDK   OOMPASS  SURVKY. 

Call  place  of  beginning  Station  1. 

Stations,  Bearings.  Distances. 

1-2  N  35°  E  270.0 

*         At  1  +  37  ft.  crossed  small  stream  3  ft.  wide. 
At  1  + 116  ft.  =  first  side  of  road. 
At  1  + 1.31  ft.  =  second  side  of  road. 
At  1  -f- 137  ft.  =  blazed  and  painted  pine  tree,  5>  ft.  left,  marked  for  a 

"goby."  Digitized  by  LnOOgLe 
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Station  2  is  a  stake  at  foot  of  wbite-oak  tree,  blazed  and  painted  on  four 
ddes  for  comer. 

2-3  N  sat®  E  129.0 

Station  3  is  a  stake^nd-stones  comer. 

3^  S  57°  E  222.0 

3  +  64  ft.  =  center  of  small  stream  2  ft.  wide. 

3  -H 196  ft.  =  white  oak  *♦  go  by,"  2  ft.  right. 
Station  4  ~  cut  stone  comer. 

4-^  8  34io  W  355.0 

4  + 174  ft.  =  ledge  of  sandstone  10  ft.  thick,  dipping  27°  south. 

5-1  N56i°W  323.0 

5  +  274  ft.  =  ledge  of  sandstone  10  ft.  thick,  dipping  25°  south  (evidently 

continuation  of  same  ledge  as  at  4  + 174). 
Station  1  =  place  of  beginning. 


TRANSIT  SURVEYING. 

To  Read  an  Angle.— The  angle  read  may  be  included  or  deftecied.  If  we 
set  up  at  O  with  backsight  aXB  and  foresight  at  C,  we  shall  find  that  there 
are  two  angles  made  by  the  line  CO  with  the  line  BOA,  namely  the  Included 
angle  BOC,  and  the  deflected  angle  CO  A. 

Tt  Rtad  the  laeladad  An|le.— Set  the  zeros  of  vernier  and  graduated  limb 
tc^ther  accurately,  and  clamp  the  plates.  Turn  the 
telescope  on  the  backsight,  with  the  level  bubble  down, 
and,  wnen  set,  fasten  lower  clamp  so  as  to  fix  both 
clamped  plates  to  the  tripod  head.  Loosen  the  upper 
clamp  and  turn  the  telescope  to  C  and  set  accurately. 
The  vernier  will  read,  for  example,  "45°  left  angle." 

To  Read  the  Dafiaetad  Angle.— Arrange  verniers  as  above, 
and  be  sure  and  turn  the  telescope  over  on  its  axis  till 
the  bubble  tube  is  up,  and  then  take  the  backsight  and 
tix  lower  clamp.  Turn  the  telescope  back  (this  is 
called  "  plunging  "  the  telescope)  and  sight  to  foresight 
and  fix  as  before.  The  vernier  will  read  a  "  right  angle  of  135°."  The  sum 
of  included  and  deflected  angles  must  always  be  180°. 

Note.— In  making  a  survey  by  included  angles,  we  must  add  or  subtract 
180°  at  each  reading  to  have  the  vernier  and  compass  agree;  by  deflected 
angles,  they  will  agree  without  the  above  addition  or  subtraction,  and  the 
latter  method  is  generally  used.    

TO    MAKK   A  SURVEY  WITH   A  TRANSIT. 

By  Individoai  Anf  laa.— Set  vernier  at  zero  of  limb,  plunge  telescope,  and, 
when  set  on  backsight,  loosen  needle  and  read  bearing  of  the  line  fh)m  back- 
sight to  set-up.  Plunge  telescope  back  and  set  on  foresight  and  read  both 
needle  and  vemier.  The  difference  in  needle  readings  should  agree  with  the 
vernier  reading  within  15^,  as  local  attraction  will  affect  the  needle  equally 
on  both  ^hts. 

Note. — Any  mass  of  iron  or  steel  that  may  and  will  be  moved  during  the 
readings  of  the  needle,  will  affect  the  same  and  destroy  the  value  of  the 
needle  as  a  check.  The  tape  and  other  iron  materials  should  not  be  moved 
during  the  takine  of  angles. 

By  Continuaaa  Verniar.— Set  vemier  at  zero,  unclamp  compass  needle,  and, 
when  stationary,  turn  the  north  point  of  compass  limb  so  as  to  coincide  with 
the  north  point  of  the  needle.  Fix  lower  clamp,  pluns^e  telescope,  and  take 
backsight  oy  loosening  upper  clamp.  The  vemier  apd  needle  should  agree 
in  giving  the  magnetic  bearing  of  the  line  fh)m  backsight  to  set-up.  Record 
this  in  note  book;  plunge  telescope,  and  take  foresight.  Needle  and  vemier 
should  agree  as  before.  After  making  record,  set  up  over  foresight  and  take 
Bight  to  station  just  left  with  telescope  plunged,  having  first  seen  that  the 
vemier  reads  exactly  as  it  did  on  the  last  foreisight,  as  a  slip  in  carrying  the 
transit  from  one  station  to  another,  which  is  not  detected  at  the  time,  can 
never  be  checked  afterwards  when  the  final  work  is  found  to  be  in  error. 
The  foresight  is  taken  as  before.  On  every  sight  the  needle  and  vemier 
should  agree  if  there  is  no  local  attraction  of^the  needle. 

If  we  can  see  all  the  corners  of  a  field  that  is  to  be  surveyed  firom  a  central 
point,  we  can  make  the  survey  by  setting  up  at  that  point,  and,  with  one 
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comer  as  a  backsight,  take  all  the  other  comers  as  foreslgrhts  with  1t»iit  oh 
set-up,  and  by  measuring  from  this  point  to  all  of  the  corners;  or  we  cm 
set  up  at  any  corner  and  run  a  line  of  survey  around  the  field.  This  latte 
method  is  called  meanderiThg.  Both  methods  will  rive  the  same  result  wha 
plotted;  but  the  former  is  much  quicker,  as  the  ooundaries  of  a  tract  an 
frequently  overgrown  with  bushes  that  must  be  cleared  to  allow  a  sighfl 
while  a  central  point  can  frequently  be  found  that  will  allow  a  ftee  si^^ht  td 
all  the  corners,  and  the  distance  can  be  measured  by  tape,  or  stadia.  As  thi 
central  point  is  nearer  the  comers  than  they  are  to  one  another,  it  folio wi 
that  a  shorter  distance  must  be  chained  or  cut  in  the  case  of  a  central  set-upj 
Outside  surveys  may  be  made  for  many  purposes.  It  matters  not  what 
the  purpose  is,  the  work  should  be  fhlly  and  accurately  done,  and  the  maii 
should  contain  everything  that  will  throw  light  upon  the  subject.  If  the 
outside  work  is  to  be  connected  with  inside  surveys,  there  are  a  number  of 
points  to  be  observed,  and  they  will  be  given  under  the  head  of  underground 
work. 

Moridlsns,  or  Bate  Liatt.*— The  surveys  must  be  based  on  some  meridJAii, 
and  started  fh)m  some  fixed  point.  There  are  four  kinds  of  meridians,  or 
"base  lines." 

First.— X  line  already  on  the  ground,  as  one  of  the  sides  of  the  tract  is 
taken  as  a  base.  The  subsequent  work  is  referred  to  one  or  both  ends  of  tbi& 
line,  and  all  angles  measured  are  taken  as  deviations  from  it. 

Second. — A  stone  post  is  sunk  in  the  ground,  or,  better,  an  iron  plug  is  put 
into  rock  "in  place' —that  is,  not  loose  rock,  even  if  a  large  boulder— at  such 
a  distance  from  the  works  as  to  be  beyond  the  influence  of  moving  machinery, 
and  a  line  of  sight  is  taken  to  some  permanent  natural  object,  as  &r  distant  as 
can  be  clearly  seen  under  adverse  circumstances,  as  cloudy  or  dark  weather. 
This  line  of  sight  is  the  base  line,  and  the  plug  is  the  origin.  No  measnrements 
of  distance  are  needed.  If  no  natural  objects  exist,  a  station  is  set  up  at 
a  distance,  so  as  to  be  as  permanent  as  poseable,  and  angles  are  turned  from 
this  to  other  points,  so  as  to  check  any  movement  in  it.  Generally  there  are 
a  number  ox  tall  chimneys,  church  spires,  etc.  to  be  found.  While  this  is 
preferable  to  the  first,  it  gives  no  method  of  check  in  underground  work, 
and  is  seldom  used. 

T^ird.— The  magnetic  meridian  is  taken  as  the  base  line.  The  transit  is 
set  up  over  a  plug,  as  just  noted,  and  the  subsequent  work  is  as  described 
under  running  continuous  vernier.  As  the  needle  is  subject  to  constant 
variation,  this  base  line  will  afford  a  check  underground  only  for  a  short 
time  after  the  meridian  is  established,  and  all  subsequent  work  can  be 
checked  only  by  applying  the  difference  between  the  variation  at  the  time 
of  establishment,  and  at  the  time  of  making  the  survey.  If  the  time  of 
establishing  the  survey  should  be  lost,  the  base  line  would  become  no  better 
than  that  noted  in  Case  2. 

Fourth.— The  trae  meridian  is  taken  as  a  base.  The  true  north  and  soufh 
line  may  be  determined  by  observing  the  North  Star,  Polaris,  or  by  observing 
the  sun.  The  North  Star  does  not  lie  exactly  at  the  North  Pole,  but  revolves 
about  it  in  a  small  circle.  There  are  two  times  in  a  day  when  it  is  exactly 
above  or  below  the  pole,  and  we  take  our  sight  at  one  of  these  times,  when 
our  transits  do  not  have  their  graduated  limbs  made  accurately  enough  to 
apply  the  proper  angle  for  a  sight  at  any  other  time.  If  we  do  not  know  the 
time  when  the  star  is  crossinff  the  meridian,  we  can  find  it  by  remembering 
that  the  fourth  star  in  the  handle  of  the  "dipper"  is  in  the  same  vertical 
plane  with  the  north  star  17  minutes  before  the  latter 
I^olari§  ^  crosses  the  meridian. 

The  true  meridian  will  give  us  an  invariable  base 
line.  At  any  date  after  the  establishment  of  the  same, 
we  can  check  the  work  above  or  below  ground  by 
applying  the  variation  of  the  needle. 

To  Find  the  True  North  by  an  Observation  of  the  Hf^rtA 
Star,  Polaris,  at  Elongation.— This  star  has  a  motion 
around  a  small  circle,  the  azimuth  angle  of  which 
from  the  north  is  known  for  different  lantudes.  The 
star  may  be  readily  found  by  following  the  line  of  the 
so-called  pointers  in  the  Big  Bear,  or  Dipper.  The 
time  of  the  greatest  eastern  or  western  elongation  is 
found  from  a  table.  Some  10  minutes  before  this  time 
the  transit  is  carefUUy  set  up  and  leveled  over  a  peg. 
The  cross-wires  are  made  tq  bisect^he  star;  they  are 
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fflnminated  by  a  light  held  under  the  reflector  fastened  on  the  object 
end  of  the  telescope.  The  star  is  followed  with  the  cross-wires  until  its 
motion  toward  the  point  of  its  Greatest  elongation  ceases.  The  telescope  is 
lowered  vertically,  care  being  taken,  of  course,  not  to  move  it  horizontally, 
and  a  peg  is  set  up  on  the  line,  say  300  ft.  or  400  ft.  distant.  The  next  morn- 
ing the  correction  is  made  for  the  star's  azimuth.  These  corrections  are 
diserent  for  different  latitudes  and  different  years.  They  are  to  be  found  in 
the  nautical  idmanac. 

Th«  method  "by  tqiial  shadows"  may  be  used  with  considerable  accu- 
racy, if  we  take  a  sufficiently  long  staff,  or  can  obtain  the  shadows  of  a 
tall  spire  on  a  level  surface.  A  vertical  staff  casts  equal  shadows  at  the 
same  time  before  and  after  noon.  If  we  drive  a  stake  at  any  time  before 
noon,  in  the  extremity  of  the  shadow  cast  by  such  a  staff,  and  measure 
its  distance  fit>m  the  staff,  we  have 
one  1^  of  an  angle.  After  noon  we 
wait  till  the  shadow  becomes  exactly 
as  long  as  the  distance  measured,  and 
drive  a  stake  at  the  extremity  of  the 
shadow.  A  line  bisecting  the  angle 
made  by  lines  drawn  from  these  two 
stakes  to  the  staff  will  be  in  the 
meridian. 

Establishing  a  Moridian  Lino  With  tho 
Soiar  Attaehmont— The  angle  from 
the  equator  to  the  horizon  of  a  place 
isitsloHtude;  consequently,  from  the 
zenith  to  the  pole  is  the  colutitude, 
or  90^  —  latitude.  The  angular  dis- 
tance from  the  equator  to  the  sun  is 
the  dediTMtion;  consequently,  from 
the  sun  to  the  pole  is  the  pwxr  dis- 
tance. The  angular  distance  from 
the  horizon  to  the  sun  is  the  sun's 
altitude;  consequently,  the  zenith  distance  is  the  angular  distance  between 
the  sun  and  the  zenith. 

AdjHotmonts  of  Bart's  Solar  Attaohmont.— After  the  instrument  has  been 
carefully  leveled,  the  zero  of  the  vernier  of  the  solar  is  placed  opposite  the 
zero  of  the  arc.  The  horizontal  plates  of  the  instrument  are  clamped,  And 
the  sun's  image  brought  between  the  horizontal  lines  of  either  silver  plate 
by  any  manipulation  of  the  instrument  and  attachment  possible,  keeping 
the  plates  horizontal  and  the  zero  of  the  vernier  opposite  the  zero  on  the  arc. 
When  the  image  is  accurately  between  the  horizontal  lines,  the  arc  is 
revolved  so  that  the  image  falls  on  the  other  plate;  this  must  be  done 
rapidly,  as  the  sun's  image  moves.  If  it  does  not  fall  between  the  lines,  half 
the  error  is  corrected  by  the  tangent  screw  of  the  solar  and  half  by  the 
tangent  screw  of  the  tele8C0i)e.  The  operation  is  repeated  until  the  sun's 
image  falls  between  the  lines  of  the  second  plate,  after  a  revolution  of  the 
arc,  it  having  been  made  to  fall  between  the  lines  of  the  first,  aa  described. 
Near  noon  is  a  good  time  to  make  this  adjustment,  as  the  sun's  apparent 
motion  is  not  so  rapid.  The  zero  of  the  vernier  is  now  brought  opposite  to 
the  zero  of  the  arc  by  loosening  the  screws  that  fasten  the  vernier,  and 
sliding  it  as  may  he  necessary.  ■  It  is  often  difficult  to  make  the  zeros  come 
exactly  opposite  each  other,  as  the  vernier  plate  is  apt  to  move  slightly 
when  the  screws  are  tightened  again.  The  second  adjustment  is  to  make 
the  topB  of  the  rectangular  blocks  of  the  solar  attachment  level,  when  the 
telescope  is  level  and  the  arc  of  the  solar  is  set  at  zero.  Level  the  transit 
carefally.  as  before  described,  set  the  solar  at  zero  and  place  the  level, 
furnished  with  the  solar,  across  the  tops  of  the  blocks.  If  the  bubble  comes 
to  the  center  of  the  tube,  no  correction  is  needed;  if  it  does  not,  correct  the 
error  by  turning  the  screws  under  the  hour  circle,  care  being  taken  in  this 
as  in  all  other  movements  of  these  adjusting  screws,  to  leave  them  tight  after 
the  correction*.  Revolve  180°  and  correct  again  if  necessary.  Placing  the 
blockfl  90°  horizontally  from  their  first  position,  go  through  the  same 
operation  as  described  until  in  all  positions  the  bubble  remains  centered. 
To  Use  tho  Solar.— Before  this  instrument  can  be  used  at  any  given  place, 
it  is  necessary  to  set  off  upon  its  arcs  both  the  declination  of  the  sun,  as 
aflfected  by  its  refraction  for  the  given  day  and  hour,  and  the  latitude  of  the 
place  where  the  observation  is  made.  ^  o 
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The  declination  of  the  sun  as  given  in  the  ephemerls  of  the  nautical 
almanac  from  year  to  year,  is  calculated  for  apparent  noon  at  Greenwich. 
England.  To  determine  it  for  any  other  hour  at  a  place  in  the  United 
States,  reference  must  be  had,  not  only  to  the  difference  of  time  arising 
from  the  difference  of  longitude,  but  also  to  the  change  of  declination 
during  that  time. 

The  longitude  of  the  place,  and  therefore  its  difference  in  time,  if  not  given 
directly  in  the  tables  of  the  almanac,  can  be  ascertained  very  nearly  by 
reference  to  that  of  other  places  given  which  are  situated  on,  or  very  nearly 
on,  the  same  meridian. 

It  is  the  practice  of  surveyors  in  states  east  of  the  Mississippi  to  allow  a 
difference  of  6  hours  for  the  difference  in  longitude,  calling  the  declination 
given  in  the  almanac  for  12  m.  that  of  6  a.m.  at  the  place  of  observation. 
Beyond  the  meridian  of  Santa  F6,  the  allowance  would  be  about  7  hours; 
and  in  California,  Oregon,  and  Washington,  about  8  hours.  Having  thus 
the  difference  of  time,  we  very  readily  obtain  the  declination  for  a  certain 
hour  in  the  mornine,  which  would  be  earlier  or.  later  as  the  lon^tude  was 
greater  or  less,  and  the  same  as  that  of  apparent  noon  at  Greenwich  on  the 

gven  day.  Thus,  suppose  the  observation  made  at  a  place  5  hours  later  than 
reeuwich,  then  the  aeclination  given  in  the  almanac  for  the  given  day  at 
noon,  affected  by  the  refraction,  would  be  the  declination  at  the  place  of 
observation  for  7  a.m.    This  give  us  the  starting  point. 

To  obtain  the  declination  for  the  other  hours  of  the  day,  take  from  the 
almanac  the  declination  for  apparent  noon  of  the  nven  day,  and,  as  the 
declination  is  increasing  or  decreasing,  add  to,  or  suotract  from,  the  decli- 
nation of  the  first  hour  the  difference  of  one  hour  as  given  in  the  ephemeris, 
that  will  give,  when  affected  by  the  refraction,  the  declination  of  the 
succeeding  hour.  Proceed  in  like  manner  to  make  a  table  of  the  declinations 
for  every  hour  of  the  dav. 

To  Find  the  True  North  With  the  Burt  Solar.— Find  from  an  ephemeris  or 
nautical  almanac  the  sun  declination  for  noon  of  the  day  of  observation  at 
Greenwich.  Find  the  declination  for  the  hour  of  observation  at  the  place 
of  observation  by  first  figuring  what  time  it  is  at  the  place  of  olwervation 
when  it  is  noon  at  Greenwich.  If  the  place  of  observation  is  west  of  Green- 
wich, it  will  be  earlier  there;  if  east,  later,  and  in  either  case  the  difference 
will  be  one  hour  for  every  15°  of  longitude.  If  the  place  is  west,  subtract  the 
hour  just  found  as  described  from  the  hour  of  the  observation,  and  multiply 
the  hourly  difference,  also  taken  from  the  ephemeris,  by  the  remainder.  If 
the  declination  is  increasing  from  the  equator  either  north  or  south,  add 
this  product  to  it;  if  decreasing,  subtract  it.  A  table  of  refractions  is  given 
in  the  ephemeris  for  the  different  latitudes  and  the  different  hours  of  the 
day.  This  refraction  is  to  be  added  if  the  declination  is  north,  and 
subtracted  if  the  declination  is  south.  Having  thus  ascertained  the  declina- 
tion, lay  it  off  on  the  declination  arc.  Set  the  colatitude  of  the  place  off  on 
the  vertical  arc  after  having  leveled  the  instrument  carefUUy  with  clamped 
horizontal  plates  at  zero.  Always  in  solar  observations  it  is  well  to  level  by 
means  of  the  upper  telescope  bubble.  Now,  revolve  the  horizontal  plates  still 
clamped,  and  also  the  declination  arc,  around  its  polar  axis  until  Uie  sun's 
image  is  exactly  between  the  horizontal  lines  of  the  silver  plates.  When  the 
sun's  image  is  between  these  lines,  the  object  end  of  the  telescope  will  be 
pointing  north. 

To  Taka  the  Latitude  With  Burt'a  Solar.— A  few  minutes  before  apparent 
noon  clamp  the  plates  at  zero,  level  the  instrument  carefully,  and  set  the 
zero  of  the  vernier  opposite  the  zero  of  the  vertical  arc.  Lay  off  the  declina- 
tion, corrected  for  noon  at  the  place  of  observation  and  for  refraction,  on 
the  declination  arc,  and  set  the  time  mark  on  the  declination  arc  oppo«ite 
XII  on  the  hour  dial.  Bring  the  sun's  image  between  the  horizontEU  lines 
of  the  silver  plate  by  moving  the  plates  horizontally  and  the  telescope 
vertically,  clamp  both  plates  and  telescope  and  follow  with  the  tangent 
movements  the  rising  sun.  Be  careful  to  stop  when  the  sun  ceases  to  mount 
For  a  moment  before  apparent  noon  there  is  no  perceptible  motion  of  the 
image.    The  reading  on  the  vertical  arc  is  the  colatitude  of  the  place. 

The  colatitude  should  never  be  taken  this  way  for  direct-sight  calcula- 
tions, for  while  it  satisfies  the  automatic  solution  of  the  true  north,  it  may 
not  be  accurate,  and  the  latitude  needed  for  direct-sight  calculation  should 
be  true  to  within  a  minute.  With  the  Burt  solar  there  is  -bX  times  what  is 
called  a  false  image  to  guard  against,  an  image  that  comes  between  the  lines 
of  the  silver  plates  when  the  object  end  of  the  telescope  is  not  pointing 
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north.  If  the  time  be  obeerved  on  the  hour  dial,  or  the  magnetic  north  be 
noticed,  no  error  need  ever  occur  on  this  score,  for  with  the  ialae  image  the 
time  will  be  out  considerably  and  also  the  magnetic  variation. 

Gtneral  Rtma'rks. — ^With  the  base  line  located  and  the  survey  made,  we  see, 
by  coming  back  to  the  point  from  which  we  started  or  •'  closing  "  the  work, 
whether  it  be  correct  in  distance  or  angle.  If  it  be  in  error,  see  if  the  error 
can  be  located  (as  will  be  shown  under  plotting),  and  if  it  can  be  found,  run 
those  parts  over  again:  if  not,  repeat  the  whole  survey.  Shoving  the  work, 
as  it  is  called,  or  "  doctoring"  it  so  that  it  will  close,  Is  the  poorest  practice 
that  an  engineer  can  engage  in,  as  all  subsequent  work  that  depends  on  a 
doctored  survey  must  be  doctored  to  fit  the  faulty  work— even  ii  it  be  right 
in  itself.  Every  engineer  should  be  able  to  swear— not  that  he  "  thinks  the 
survey  is  accurate,'^  but  •'  that  he  knows  it  to  be  so,"  if  he  should  be  called 
as  a  witness  in  court.    One  of  the  causes  of  inaccuracy  is  haste. 

To  make  a  complete  map,  the  en&ineer  should  first  make  a  survey  around 
the  tract  to  be  worked,  locating  all  the  prominent  physical  features  and 
improvements.  If  he  can  do  so,  ne  should  make  a  topographical  map  of  the 
tract  at  once;  but,  if  time  is  limited,  by  running  the  vertical  as  well  as  the 
horizontal  angle,  he  can  carry  the  tidal  elevation  or  the  elevation  abave 
some  assumed  datum,  to  every  station,  and  mark  it  on  the  map  at  that  point. 
Then  as  he  makes  subsequent  surveys,  he  can  gradually  get  data  enough  to 
make  a  fairly  complete  topographical  map  in  course  of  time.  Every  ledge 
of  rock  in  place  should  be  located,  and  the  amount  and  direction  of  its  dip, 
as  well  as  the  character  of  the  rock,  should  be  marked  neatly  on  the  map. 
The  streams  of  water  on  the  tract  should  be  regarded  as  of  primary  impor- 
tance, and  should  be  located  with  exactness. 

With  a  true  meridian  base  line  we  can  connect  maps  made  at  different 
places  with  little  trouble.  This  is  especially  useftil  with  adjoining  mines 
connected  at  but  one  point.  Having  made  the  survey  and  come  home,  we 
must  examine  all  the  apparatus  and  see  if  the  instruments  are  out  of  adjust- 
ment, as  such  a  fact  will  prevent  our  bothering  over  work  that  will  not 
close.  It  will  assure  us,  also,  that  we  can  start  out  at  a  moment's  notice 
with  no  thought  of  the  adjustment  of  our  tools.    A  famous  wit  said  that  the 

E roper  time  to  strop  a  razor  was  just  after  you  had  used  it,  as  you  then  knew 
ow  much  it  needed  it.  The  same  will  apply  to  surveying  instruments  and 
tools— especially  for  underground  work.  Here  the  lamp  smoke,  powder 
gases,  mine  dust,  paint  smears,  acid  water  from  "droppers,"  and  the  other 
abominations  incident  to  underground  surveying,  especially  in  a  coal  mine, 
will  so  cover  the  tools  that  they  would  be  useless  if  left  uncleaned  half  a 
dozen  times.  As  soon  as  the  corps  comes  back  frovo.  the  mine,  and  before 
the  clothes  are  changed,  the  tape  must  be  stretched,  tested,wiped,  and  oiled. 
It  can  be  inspected  to  see  if  marks  are  too  much  worn,  or  it  stands  in  need  of 
mending,  the  marking  pot  is  cleared  of  "muck,"  and  fresh  white  paint  is 
mixed,  if  the  corps  is  going  out  in  24  hours;  the  plummets  will  have  their 
strings  overhauled  and  freed  fh)m  knots;  hatchets  will  be  shari)ened,  and 
axes  ground,  jwuches  overhauled,  and  a  supply  of  tacks  or  "  spads  "  taken. 
Then  the  transitman  changes  his  clothes  and  sets  up  the  transit,  wipes  it 
with  a  cloth  wet  with  alcohol,  so  as  to  remove  dirt,  oil,  and  paint.  If  water 
has  gotten  between  the  graduated  limb  and  compass  box,  the  verniers  must 
be  uncovered  and  the  whole  wiped  dry.  If  the  sulphureted  hydrogen  from 
the  powder  smoke  has  tamishea  the  silver  surfaces  of  any  of  the  graduated 
circles,  it  must  be  removed  with  whiting.  Alcohol  should  be  always  used 
instead  of  water,  as  it  will  quickly  evaporate  and  leave  the  parts  dry.  The 
telescope  glasses  are  then  wiped  with  soft  chamois  leather,  and  the  instru- 
ment is  tested  for  want  of  adiustment  before  putting  it  away  in  its  box. 
When  going  to  and  fW)m  wort,  the  transit  should  not  be  carried  on  the 
transit  head,  or  the  spindle  will  become  sprung.  Nor  should  it  be  carried 
with  the  arm  crooked  under  the  telescope,  as  the  weight  comes  on  the  axis, 
and  that  soon  gets  sprung  so  that  all  the  adjusting  in  the  world  will  not 
make  it  work  right,  when  carried  in  the  hand,  it  should  be  reversed  and 
the  hand  slipped  under  the  compass  plate  and  brought  over  so  as  to  clamp 
both  plates.  In  this  way  there  will  be  no  strain  on  any  part.  In  case  of  a 
"fair*  in  the  mine,  remember  that  the  transit  is  the  baby  to  be  protected, 
and  stand  a  few  bumps  to  save  a  strained  or  broken  instrument,  that  will 
end  the  work  for  some  time. 

Plottlnf.- A  "  plot "  is  not  only  a  piece  of  ground  with  bodies  of  water, 
roads,  vegetation,  etc.  upon  it,  but  rerers  also  to  the  map  of  the  same  drawn 
to  a  given  scale,  and  showing  all  of  the  above  natural  features.    Hotting  is 
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the  making  of  such  a  map  fh>ni  notes  of  a  survey,  and  may  or  may  not 
require  the  permanent  placing  of  the  stations  on  the  map,  by  whicn  the 
survey  is  maae.  In  underground  work,  the  exact  location  and  the  retention 
of  those  stations  is  a  matter  of  the  first  importance,  and  is  secondary  only  to 
the  exact  plotting  of  the  side  notes.  The  scale  of  the  plot  is  generally 
as  large  as  will  show  the  points  of  interest  in  the  property;  but  in 
Pennsylvania,  the  maps  for  coal  mines  must  be  drawn  to  a  scale  of  lOQ  ft.  to 
an  inch.  There  are  two  methods  of  plotting:  by  protractor,  and  by 
coordinates.  When  the  scale  is  sufficiently  large,  it  is  a  matter  of  little  choice 
which  method  is  used,  if  the  work  be  carefully  done  with  exact  instruments; 
but  with  small  scales— 100  ft.  or  above,  to  the  inch— we  should  use  the 
method  by  coordinates.  With  the  latter  scale,  the  prick  of  a  pin  on  the 
paper  will  represent  a  foot  square,  or  a  circle  slightly  larger  than  a  foot 
m  diameter.  If  the  next  station  is  to  be  located  from  the  pin  prick  of  the 
first,  and  that  is  exactly  located,  we  may  not  hit  the  exact  center  of  that 
small  indentation.  In  fact,  the  chances  are  greatly  against  our  doing:  so, 
and  the  location  of  the  second  station  will  probablv  be  in  error.  If  we  nave 
a  bad  habit  of  placing  the  protractor  or  the  straightedge  against  one  side  of 
the  pin  pricks,  or  pencil  marks,  when  the  scale  is  large,  we  shall  constantly 
be  introducing  a  "  personal  error,"  as  it  is  called,  and  the  sum  of  all  the 
errors  made  at  each  of  100  stations  will  bring  our  final  point  very  mucli  out 
of  the  way.  On  this  account,  and  from  the  fact  that  no  protractor  that  is 
movable  can  be  used  without  the  chances  of  slipping  while  the  angle  is  read 
or  marked,  has  led  all  careftil  engineers  to  abandon  its  use  in  favor  of  the 
method  by  coordinates.  When  the  scale  is  from  1  to  25  ft.  to  an  inch,  the 
errors  are  small  enough  to  make  little  chances  of  variation  in  a  close  of  ten 
or  twelve  stations;  when  the  survey  is  of  short  sights  from  a  main  line  to 
points  where  no  further  work  is  to  be  done,  the  protractor  will  afford  a  quick 
method  of  plotting. 

There  is  a  chance  of  error  in  both  methods  that  must  be  noted  here,  where 
the  survey  is  not  completed  at  one  time.  If  the  map  be  made  in  a  day  or 
two,  and  will  never  be  extended  by  subsequent  work,  there  will  be  no 
chance  of  error  from  a  change  in  tne  paper  on  which  it  is  made,  due  to 
moisture  or  dryness;  but  if  the  map  be  maae  on  a  series  of  very  damp  days, 
or  a  series  of  very  dry  ones,  a  change  in  the  weather  to  the  other  extreme 
will  swell  or  shrink  the  map.  The  general  tendency  in  a  large  mine  map 
that  is  frequently  used,  and  is  rolled  and  unrolled  every  day  lor  five  or  six 
years,  is  to  stretching,  so  that  there  will  be  a  variation  of  from  1  to  5  ft.  in 
1,000.  If  we  extend  a  recent  survey  on  such  a  map,  we  are  plotting  it  to  a 
d^fiferent  scale  to  that  assumed  by  the  map  under  the  conditions  above 
noted.  The  paper  on  which  the  map  is  to  be  drawn  should  be  tacked  down 
to  the  table  or  board,  and  should  be  covered  with  squares  each  exactly  10  in. 
s(iuare.  The  sides  of  these  squares  should  be  the  meridians,  or  north  or  south 
lines,  and  the  tops  and  bottoms  should  run  due  east  and  west.  Mark  the  first 
station  on  the  paper,  set  your  parallel  ruler  or  T  sauare  on  the  meridian  nearest 
it,  and  with  the  protractor  produce  the  course  to  tne  next  station.  Measure  the 
distance  with  a  scale,  and  proceed  in  this  manner  to  plot  all  the  courses,  usinj? 
each  time  the  meridian  nearest  the  station  the  course  is  taken  firom.  After  all 
the  stations  have  been  plotted,  fill  in  the  side  notes,  marking  everything  on 
the  map  with  great  care  and  neatness.  Always  use  the  horizontal  distances. 
All  surveys  should  be  traversed,  and  all  plotting  should  be  either  checked 
by  the  traversing,  or  the  principal  stations  should  be  plotted  by  use  of  the 
traverse.  For  a  large  mine  map  that  will  be  in  use  many  years,  muslin- 
backed  egg-shell  paper  must  be  used.  It  comes  in  a  long  roll,  and  any 
reasonable  length,  and  a  width  up  to  6  ft.  can  be  obtained. 

To  Calculate  the  Vertical  Distances.— When  making  the  survey,  read  the 
vertical  angles  to  all  stations.  If  the  angle  is  one  of  depression,  note  it  with 
a  minus  sign  (— )  preceding:  it.  If  it  is  an  angle  of  elevation,  precede  it  with 
a  plus  sign  (  +  ).  These  will  show  whether  the  vertical  distance  is  to  be 
added  to,  or  subtracted  from,  the  height  of  the  preceding  station. 

Having  the  horizontal  distance  and  the  vertical  angle: 

Distance  X  tangent  of  vertical  angle  =  vertical  distance. 

Having  the  pitch  distance  and  vertical  angle: 

Distance  X  sine  of  vertical  angle  =  vertical  distance. 

To  Calculate  the  Horizontal  Distance,  or  Latitude.— Pitch  distance  X  cosine 
of  vertical  an^le  =  horizontal  distance. 

Vertical  height,  or  departure  -r-  sine  of  vertical  angle  =  horizontiU  distance. 
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To  Cttculato  the  Pitoh  Distance.— Horizontal  distance  -4-  cosine  of  bearing, 
or  multiplied  by  secant  of  bearing  =  pitch  distance. 

Vertical  distance  -1-  sine  of  vertical  angle,  or  multiplied  by  cosecant  of 
bearing  =  pitch  distance. 

To  Caleultte  the  Verticil  Angle.— The  horizontal  distance  4-  the  pitch 
distance  =  cosine  of  vertical  angle. 

Vertical  distance  -^  pitch  distance  =  sine  of  vertical  angle. 

Vertical  distance  -r-  horizontal  distance  =  tangent  of  vertical  angle. 

Note.— Whenever  sines,  cosines,  tangents,  etc.  are  here  named,  they  mean 
the  natural  sines,  etc.  of  the  angle. 

Plotting  by  Coordinates.— In  describing  the  establishment  of  a  meridian 
and  a  fixed  point,  we  made  the  latter  a  stone  post,  or  iron  plug  sunk  in  solid 
rock.  This  point  is  called  the  ori^n  of  coordinates.  We  have  the  principal 
meridian  passing  through  this  point  in  an  exact  north  and  south  direction, 
and  a  secondary  meridian  or  base  line  passing  through  this  point  at  right 
angles  to  the  first,  or  in  an  exact  east  and  west  line.  Any  point  we  may 
select  on  the  map  will  be  a  certain  distance  north  or  south,  and  east  or  west  of 
the  origin.  The  lines  drawn  fh>m  this  point  at  right  angles  to  the  two  base 
lines  just  given  are  called  the  coordinates  0/ that  point,  and  we  can  plot  the 
point  when  they  are  given.  For  example,  the  coordinates  of  Station  24  are 
North  345.67,  and  East  890.12.  We  measure  890.12  ft.  east  of  the  origin  on  the 
secondary  meridian  and,  from  this  point,  measure  345.67  ft.  north  to  the  point 
desired;  or  we  can  measure  first  on  the  primar}'  meridian  to  the  north  and 
then  turn  off  a  right  angle  to  the  east  and  reach  the  same  point.  In  any 
event  we  plot  the  position  of  each  station  independently  of  all  the  others, 
and  any  error  in  locating  one  is  not  carried  to  the  next.  When  two  stations 
are  plotted,  the  distance  between  them  on  the  map  should  be  exactly  what 
we  found  for  their  horizontal  distance  on  the  ground.  This  check  shows 
whether  our  plotting  is  correct.  This  is  also  called  traversing  a  survey  if  the 
meridian  be  north  and  south,  and  in  books  on  surveying  there  are  printed 
traverse  tables,  which  are  accurate  within  certain  limits,  but  not  so  accurate 
as  the  tables  of  coordinates  published  separately,  as  the  latter  are  carried  to  a 
^eater  number  of  decimals.  Gurdon's  Traverse  Tables  will  enable  you  to 
tind,  without  calculation,  the  coordinates  for  a  distance  of  12  miles  with  a 
chance  of  error  of  only  half  an  inch,  which  is  much  more  accurate  than  the 
graduation  of  the  instruments  with  which  the  work  was  done. 

With  a  north  and  south  meridian,  the  point  from  which  we  begin  to 
measure  angles— the  zero  point— is  the  north  point,  and  the  angles  are  read 
for  continuous  vernier  in  the  direction  of  the  hands  of  a  watch.  The  sines 
of  angles  are  eastings  and  westings,  and  the  cosines  are  northings  and 
southmgs. 

To  Traverse  a  Survey.— To  traverse  a  survey,  means  to  determine  bv  calcu- 
lation how  far  north  or  south  and  east  or  west  any  station  may  be  from 
another,  the  location  of  which  is  fixed.  To  do  this,  all  distances  must  be 
either  measured  horizontally,  or  calculated  to  horizontal  distances.  The 
horizontal  angles,  or  courses,  must  be  either  read  as  quadrant  courses,  or 
reduced  from  azimuth  to  quadrant  courses.  An  azimutn  course  is  one  that 
is  read  on  the  transit  which  is  graduated  from  0°  to  360°.  A  quadrant  course 
is  one  read  in  the  quadrant  of  Uie  circle,  as  S  67°  W,  N  48°  E,  etc. 

Latitude  means  distance  north  or  south,  and  is  determined  by  the  first 
initial  of  the  recorded  course.  Thus,  if  a  course  is  S  67°  W,  the  latitude  is 
south;  if  N  43°  E,  the  latitude  is  north. 

Departure  means  distance  east  or  west,  and  is  determined  by  the  last 
initial  of  the  recorded  course.  Thus,  if  a  course  is  S  67°  W,  the  departure  is 
west;  if  N  43°  E,  the  departure  is  east. 

The  latitude     =  distance  X  cosine  of  bearing. 

The  departure  =  distance  X  sine  of  bearing. 

If  the  survejr  is  a  continuous  one  around  a  tract,  and  ending  at  the 
place  of  beginning,  the  sum  of  the  northings  should  equal  the  sum  of 
the  southings,  and  the  sum  of  the  eastings  should  equal  the  sum  of  the 
westings.  Or,  in  other  words,  the  sum  of  all  the  latitudes  north,  should 
equal  the  sum  of  all  the  latitudes  south:  and  the. sum  of  all  the  departures 
ea^,  should  equal  the  sum  of  all  the  departures  west.  It  is  evident  that  by 
coming  back  to  the  place  of  beginning  the  surveyor  has  traveled  the  same 
distance  north  as  he  has  south,  and  the  same  distance  east  as  he  has  west. 

The  most  accurate  way  to  construct  a  map  is  to  traverse  the  survey  and 
place  all  stations  on  it  by  the  traversed  distances,  or  to  at  least  put  a 
number  of  the  principal  stations  on  the  map  by  the  traversed  distances,  and 
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use  the  protractor  to  plot  only  the  Intermediate  stations.  As  the  origin  of 
the  survey  is  at  the  lixed  point  just  mentioned,  we  must  maJ^e  a  roueh 
pencil  sketch  to  find  the  approximate  location  of  this  point  f^m  the 
boundaries  of  the  property,  and  the  general  trend  of  the  property  itselil 
This  will  show  us  the  place  to  put  the  origin  upon  the  paper  so  that  all  of 
the  property  can  be  placed  on  the  map,  and  leave  about  the  same  amount  of 
margin  on  all  sides.  It  will  also  show  us  the  direction  the  north  and  south 
hue  must  take  on  the  paper.  When  this  is  settled,  mark  the  origin  by  a  needle 
point,  and  lay  the  straightedge  across  it  in  the  direction  to  be  taken  by  the 
principal  meridian,  and  draw  the  meridian  with  a  quite  hard  pencil 
Drought  to  a  very  tine  point.  Then  lay  off  on  both  sides  of  the  origin 
distances  of  5  in.,  and  mark  them  with  needle  points.  These  must  be  &o 
accurately  located  that  there  will  not  be  an  error  of  one  hundredtli  of  an 
inch  in  them,  or  one  foot  in  five  hundred.  At  the  point  where  we  can  get 
the  longest  line  on  the  paper  at  right  angles  to  the  principal  meridian,  lay 
off  points  for  a  right  angle  accurately  on  each  side  of  the  meridian,  and 
draw  through  the  mree  points,  by  means  of  the  straightedge,  a  line  parallel 
to  the  secondarv  meridian  and  divide  this  accurately  into  5^'  distances  as 
before.  Through  each  of  the  points  thus  marked,  draw  lines  at  right  angles 
to  the  lines  already  drawn,  until  the  paper  is  accurately  divided  into  squares 
5  in.  on  a  side,  and  none  of  them  with  an  error  of  one  five-huudredtlL 
Beginning  with  the  origin,  mark  the  extremities  of  the  lines  passing  through 
it  zero.  All  distances  to  the  east  or  upon  the  right  side  of  the  north  and 
south  zero  line  are  marked  +  with  respect  to  that  line;  those  to  the  left  are 
marked  — .  All  distances  above  the  east  and  west  zero  line  are  marked  + 
with  respect  to  that  line,  and  all  distances  below  it  — .  If  the  coordinates  of 
a  point  are  N*  234,  and  E  2,468.78,  we  need  not  measure  the  whole  east 
distance  from  the  origin,  but  start  from  the  north  and  south  line  marked 
-I-  20.  With  5"  squares,  a  6"  scale  will  be  suflBciently  long  for  plotting.  To 
illustrate  plotting  by  use  of  the  traversed  di8tances,we  will  use  the  following 
example: 


Stations. 

Quadrant 
Courses. 

Distances. 

Latitudes. 

Departures. 

Totals. 

N 

S 

E 

W 

N 

S 

E 

W 

1-2 
2-3 
3-4 
4-5 

N350E 

N830  3(KE 

S570E 
S  34°  ly  W 

270 
129 
222 
355 

221 
15 

121 
293 

155 

128 
186 

200 

221 
236 
115 

178 

155 
283 
469 
269 

236 

414 

469 

200 

The  foregoing  table,  calculated  according  to  formula  for  latitudes  and 
departures,  shows  that  Station  2  is  221  ft.  north  and  155  ft.  east  of  Station  ]; 
and  that  Station  5  is  178  ft.  south  and  269  ft.  east  of  Station  1. 

These  stations,  or  Stations  3  and  4,  or  all,  may  be  placed  on  the  map  by 


simply  making  the  two  measurements  for  each  station. 

To  Find  the  Area  of  •  Tract  of  Land.— If  a  regular  polygon,  find  the  area 
by  the  rule  given  under  the  head  of  "  Mensuration  "  for  polygons  of  the 


same  number  of  sides.  If  an  irregular  polygon,  divide  it  into  triangles  and 
calculate  the  area  of  each  triangle;  the  sum  of  these  areas  will  be  the  area  of 
the  tract.  If  the  tract  is  an  irregular  polygon  in  shape,  the  map  should  be 
made  on  as  large  a  scale  as  possible,  and  the  distances  should  be  measured 
with  the  greatest  care,  owing  to  liability  to  error  through  verj^  slight  inac- 
curacies of  measurement. 

To  Find  tlie  Contents  of  a  Seam  of  Coal  Under  a  Tract— If  the  seam  lies  flat 
multiply  the  area  of  the  tract  in  square  feet  by  the  thickness  of  the  seam  in 
feet.  The  product  will  be  the  cubical  contents  of  the  seam  in  feet.  If  the 
seam  is  an  inclined  one,  find  its  area  by  measuring  the  width  of  the  tract  on 
its  line  of  pitch,  and  find  the  distance  on  the  pitcn  of  the  seam  by  dividing 
,  the  horizontal  distance  measured  by  the  cosine  of  the  angle  of  inclination. 
This  will  give  you  the  pitch  distance.  Multiply  the  pitch  distance  by  the 
length  of  the  tract,  and  you  will  have  the  area  of  the  seam.  This  multiplied 
by  its  thickness  will  give  the  contents. 

_  -       ,        cubic  contents  in  feet  X  Sp.  Gr.  x  62.5 
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LEVELINQ. 

Instrumftnts.— But  two  instruments  are  used— the  level  and  a  leveling  rod. 
The  level  consists  of  a  telescope  to  which  is  fitted,  on  the  under  side,  a  long 
level  tube.  The  telescope  rests  in  a  Y  at  each  end  of  a  revolving  bar,  which  is 
attiLched  to  a  tripod  head  very  similar  to  that  used  for  a  transit.  The. 
telescope  is  similar  to  the  telescope  of  a  transit.  The  leveling  rod  is 
merely  a  straight  bar  of  wood,  6  ft.  or  more  in  length,  divided  into  feet  and 
tenths  of  a  foot.  A  target  divided  into  four  equal  parts  by  two  lines,  one 
parallel  with  the  staff,  and  the  other  at  right  angles  to  it,  and  painted  red 
and  white,  so  as  to  make  it  prominent  at  a  distance,  slides  on  the  rod  and  is 
provided  with  a  clamp  screw.  The  center  of  the  target  is  cut  out  and  a 
vernier,  graduated  decimally,  is  set  in,  which  enables  the  rodman  to  read  as 
close  as  t^  of  a  foot. 

If  a  long  rod  is  required,  it  is  made  of  two  sliding  bars,  which,  when 
closed,  are  similar  to  a  siiurle  rod,  as  described  above,  when  used  at  points 
where  it  is  necessarv  to  wove  the  target  to  a  greater  height  than  6  or  6i  ft., 
the  taiget  is  clamped  at  the  highest  Graduation  on  the  front  of  the  rod,  and 
the  roais extended  by  pushing  up  the  back  part,  which  carries  the  target 
with  it.  The  readings,  in  this  case,  are  made  either  ih>m  the  vernier  on  a 
graduated  side,  or  a  vernier  on  the  back.  The  rodman  must  always  hold  his 
rod  perfectly  plumb  or  perpendicular. 

To  Adjust  the  Levti.— The  proper  care  and  adjustment  of  the  level  is  of  great 
importance.  A  very  slight  error  in  adjustment  will  completely  destroy  the 
utility  of  any  work  done. 

To  Adjust  the  Line  of  Coilimatlen.— Set  the  tripod  firmly,  remove  the  Y  pins 
fW>m  the  dips,  so  as  to  allow  the  telescope  to  turn  freely,  clamp  the  instru- 
ment to  the  tripod  head,  and,  by  the  leveling  and  tangent  screws,  bring 
either  of  the  wires  upon  a  clearly  marked  edge  of  some  object,  distant  from 
100  ft.  to  500  ft. 

Then  with  the  hand.  carefUUy  turn  the  telescope  half  way  around,  so  that 
the  same  wire  is  compared  with  the  object  assumed. 

Should  it  be  found  above  or  below,  bring  it  half  way  back  by  moving  the 
cap^an-headed  screws  at  right  ansrles  to  it,  remembering  always  the  invert- 
ing property  of  the  eyepiece;  now  oring  the  wire  again  upon  the  object,  and 
repeat  the  first  operation  until  it  will  reverse  correctly.  Proceed  in  the 
same  manner  with  the  other  wire  until  the  adjustment  is  completed. 
Should  both  wires  be  much  out.  it  will  be  well  to  bring  them  nearly  correct 
before  either  is  entirely  adjusted. 

To  Adjust  the  Level  Bubble.— Clamp  the  instrument  over  either  pair  of 
leveling  screws,  and  bring  the  bubble  into  the  center  of  the  tube. 

Now  turn  the  telescope  in  the  wyes,  so  as  to  bring  the  level  tube  on  either 
side  of  the  center  of  the  bar.  Should  the  bubble  run  to  the  end,  it  would 
show  that  the  vertical  plane,  passing  through  the  center  of  the  bubble,  was 
not  parallel  to  that  drawn  through  the  axis  of  the  telescope  rings.  To 
rectify  the  error,  bring  it  by  estimation  half  way  back,  with  the  capstan- 
headed  screws,  which  are  set  in  either  side  of  the  level  holder,  placed 
usually  at  the  object  end  of  the  tube.  Again  bring  the  level  tube  over  the 
center  of  the  bar,  and  adjust  the  bubble  in  the  center,  turn  the  level  to 
either  side,  and,  if  necessary,  repeat  the  correction  until  the  bubble  will 
keep  its  position,  when  the  tube  is  turned  half  an  inch  or  more  to  either  side 
of  tne  center  of  the  bar.  The  necessity  for  this  operation  arises  from  the 
fact  that  when  the  telescope  is  reversed,  end  for  end,  in  the  wyes  in  the 
other  and  principal  adjustment  of  the  bubble,  we  are  not  certain  of  placing 
the  level  tube  in  the  same  vertical  plane,  and,  therefore,  it  would  be  almost 
impossible  to  efffect  the  adjustment  without  a  lateral  correction. 

Having  now,  in  a  great  measure,  removed  the  preparatory  difficulties,  we 
proceed  to  make  the  level  tube  parallel  with  the  bearings  of  the  Y  rings.  To 
do  this,  bring  the  bubble  into  the  center  with  the  leveling  screws,  and  then, 
without  jarring  the  instrument,  take  the  telescope  out  of  the  wyes  and 
reverse  it  end  for  end.  Should  the  bubble  run  to  either  end,  lower  that  end, 
or,  what  is  equivalent,  raise  the  other  by  turning  the  small  adjusting  nuts, 
on  one  end  of  the  level,  until,  by  estimation,  half  the  correction  is  made; 
again  bring  the  bubble  into  the  center  and  repeat  the  whole  operation,  until 
the  reversion  can  be  made  without  causing  any  change  in  the  bubble.  It 
would  be  well  to  test  the  lateral  adjustment,  and  make  such  correction  as 
may  be  necessary  in  that,  before  the  horizontal  adjustment  is  entirely 
completed.  ^ 
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To  Adjust  tho  Wy6S.~Having  effected  the  previous  adjustments,  it  remains 
now  to  describe  that  of  the  wyes,  or,  more  precisely,  that  which  brings  the 
level  into  a  position  at  right  angles  to  the  vertical  axis,  so  that  the  bubble 
will  remain  in  the  center  during  an  entire  revolution  of  the  instrument. 
To  do  this,  bring  the  level  tube  directly  over  the  center  of  the  bar,  and  clamp 
the  telescope  firmly  in  the  wyes,  placing  it  as  before,  over  two  of  the  leveling 
screws,  unclamp  the  socket,  level  the  bubble,  and  turn  the  instrument  half 
way  around,  so  that  the  level  bar  may  occupy  the  same  position  with  respect 
to  the  leveling  screws  beneath.  Should  the  bubble  run  to  either  end,  bring 
it  half  way  back  by  the  Y  nuts  on  either  end  of  the  bar;  now  move  the 
telescope  over  the  other  set  of  leveling  screws,  bring  the  bubble  again  into 
the  center,  and  proceed  precisely  as  above  described,  changing  to  each  pair 
of  screws,  successively,  until  the  adjustment  is  very  nearly  perfected,  wnen 
it  may  be  completed  over  a  single  pair. 

The  object  of  this  approximate  adjustment  is  to  bring  the  upper  jjarallel 
plate  of  the  tripod  head  Into  a  position  as  nearly  horizontal  as  possible,  in 
order  that  no  essential  error  may  arise,  in  case  the  level,  when  reversed,  is  not 
brought  precisely  to  its  former  situation.  When  the  level  has  been  thus 
completely  adjusted,  if  the  instrument  is  properly  made,  and  the  sockets  well 
fitted  to  each  other  and  the  tripod  head,  the  bubble  will  reverse  over  each 
pair  of  screws  in  any  position.  Should  the  engineer  be  unable  to  make  it 
perform  correctly,  he  should  examine  the  outside  socket  carefully  to  see 
that  it  sets  securely  in  the  main  socket,  and  also  notice  that  the  clamp  does 
not  bear  upon  the  ring  that  it  encircles.  When  these  are  correct,  and  tiie 
error  is  still  manifested,  it  will  probably  be  in  the  imperfection  of  the 
interior  spindle. 

After  tne  adjustments  of  the  level  have  been  effected,  and  the  bubble 
remains  in  the  center  in  any  position  of  the  socket,  the  engineer  should 
carefully  turn  the  telescope  in  the  wyes,  and  sighting  upon  the  end  of  the 
level,  which  has  the  horizontal  adjustments  along  eacn  side  of  the  wye. 
make  the  tube  as  nearly  vertical  as  possible.  When  this  has  been  secured, 
he  may  observe,  through  the  telescope,  the  vertical  edge  of  a  building, 
noticing  if  the  vertical  hair  is  parallel  to  it;  if  not,  he  should  loosen  two  of 
the  cross-wire  screws  at  right  angles  to  each  other,  and  with  the  hand  on 
these,  turn  the  ring  inside,  until  tne  hair  is  made  vertical;  the  line  of  colli- 
mation  must  then  be  corrected  again,  and  the  adjustments  of  the  level  will 
be  complete. 

To  Uso  tho  Lovel.— When  using  the  instrument,  the  legs  must  be  set  firmly 
into  the  ground,  and  neither  the  hands  nor  person  of  the  operator  be 
allowed  to  touch  them;  the  bubble  should  then  be  brought  over  each  pair  of 
leveling  screws  successively,  and  leveled  in  each  position,  any  correction 
being  made  in  the  adjustments  that  may  appear  necessary.  Care  should  be 
taken  to  bring  the  wires  precisely  in  focus,  and  the  object  distinctly  in  view, 
so  that  all  errors  of  parallax  may  be  avoided. 

This  error  is  seen  when  the  eye  of  an  observer  is  moved  to  either  side  of 
the  center  of  the  eyepiece  of  a  telescope,  in  which  the  foci  of  the  object  and 
eyeglasses  are  not  brought  precisely  upon  the  cross-wires  and  object;  in  such 
a  case  the  wires  will-  appear  to  move  ovpr  the  surface,  and  the  observation 
will  be  liable  to  inaccuracy.  In  all  instances  the  wires  and  object  should  be 
brought  into  view  so  perfectly  that  the  spider  lines  will  appear  to  be  fastened 
to  the  surface,  and  will  remain  in  that  position  however  the  eye  is  nioved. 

If  the  socket  of  the  instrument  becomes  so  firmly  set  in  the  tripod  head  as 
to  be  difficult  of  removal  in  the  ordinary  way,  the  engineer  should  place  the 
palm  of  his  hand  under  the  wye  nuts  at  each  end  of  the  bar,  and  give  a 
sudden  upward  shock  to  the  bar,  taking  care  also  to  hold  his  hands  so  as  to 
grasp  it  the  moment  it  is  free. 

Field  Work.— If  the  survey  has  been  carefully  made  and  vertical  angles 
taken  at  every  sight,  leveling  will  be  necessary  only  in  cases  where  extreme 
accuracy  in  regard  to  vertical  heights  is  necessary.  In  most  cases  of 
practical  work  at  collieries,  particularly  in  determining  thickness  of  strata, 
general  rise  or  fall  of  an  inside  road,  etc.,  the  elevations  calculated  by  the 
use  of  the  vertical  angle  will  be  close  enough,  but  there  are  frequently 
instances  when  leveling  must  be  done  to  insure  success  in  certain  work.  In 
this  connection  it  is  well  to  state  that  if  the  transit  telescope  is  supplied 
with  a  long  level  tube,  and  it  is,  as  a  whole,  in  first-class  adjustment,  levels 
can  be  successfully  run  with  it,  if  the  transitman  uses  due  care.  Having  his 
inRtrument  in  proper  adjustment  and  his  note  book  ruled,  the  levelman  is 
7  to  proceed  with  the  work. 
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The  lodman  holds  the  rod  on  the  starting  point,  the  elevation  of  which  is 
either  known  or  assumed.  The  levelman  sets  up  his  instrument  somewhere 
in  the  direction  in  which  he  is  going,  hut  not  necessarily,  or  usually,  in  the 
precise  line.  He  then  sights  to  the  rod  and  notes  the  reading  as  a  backsight 
or  +  (F|1us)  sight,  entering  it  in  the  proper  column  of  his  note  book,  and 
adding  it  to  the  elevation  of  the  starting  point  as  the  "  height  of  instrument." 
The  rodman  then  goes  ahead  about  the  same  distance,  sets  his  rod  on  some 
well  defined  and  solid  point,  and  the  levelman  sights  again  to  the  target, 
which  the  rodman  moves  up  or  down  the  rod  till  it  is  exactly  bisected  by  the 
horizontal  cross-hair  in  the  telescope,  as  he  did  when  giving  the  backaght. 
This  reading  is  noted  as  a  foresight  or  —  (minus)  sight.  The  foreaght 
subtracted  from  the  height  of  instrument  ^ves  the  elevation  of  the  second 
station.  The  rodman  holds  this  latter  point,  and  the  levelman  goes  ahead 
any  convenient  distance,  backsights  to  the  rod,  and  proceeds  as  before.  In 
this  case  we  have  assumed  that  levels  are  only  being  taken  between  regular 
stations  or  two  extreme  points. 

If  a  number  of  points  in  close  ptroximity  to  each  other  are  to  be  taken, 
the  rodman,  after  giving  the  backsight,  holds  his  rod  at  each  point  desired. 
The  readings  of  any  number  in  convenient  sighting  distance  are  taken  and 
recorded  as  foresignts,  and  any  descriptive  notes  are  made  in  the  column  of 
remarks.  These  are  each  subtracted  from  the  height  of  instrument,  and  the 
elevation  found  is  noted  in  column  headed  elevation.  After  all  the  inter- 
mediate points  are  taken,  the  rodman  goes  ahead  to  some  well-defined  point, 
which  is  called  a  •'turning  point"  (T.  P.)  in  the  notes.  The  elevation  of 
this  is  found  and  recorded.  The  rodman  remains  at  this  point  until  the 
levelman  goes  ahead,  sets  up  and  takes  a  backsight.  This  backsight  reading, 
added  to  the  elevation  of  the  turning  point,  gives  a  new  height  of  instrument 
from  which  to  subtract  new  foresights,  and  thus  obtain  the  elevation  of  the 
next  set  of  points  sighted  to. 

When  running  levels  over  a  long  line,  the  levelman  should  set  frequent 
••bench  marks."  These  are  any  permanent  well-defined  marks  that  can  be 
readily  found  and  identified  at  any  future  time.  By  leveling  to  them  he  has 
secured  the  elevation  of  points  fh)m  which  to  start  any  subsequent  levels 
that  may  be  necessary.  A  good  bench  mark  can  always  be  made  on  the  side 
or  root  of  a  large  tree  or  stump  by  chopping  it  awav  so  as  to  leave  a  wedge- 
shaped  projecuon  with  the  point  ud.  Dnve  a  nail  in  the  highest  point  of 
this,  to  mark  where  the  rod  was  held,  and  blaze  the  tree  or  stump  above  the 
bench  mark.  In  this  blaze,  either  cut  or  paint  the  number  of^  the  bench 
mark,  which  should,  of  course,  correspona  with  the  number  in  the  note 
book.  In  the  mines,  prominent  frogs  or  castings  in  the  main  roads,  if 
peimaaent,  make  good  oench  marks. 

Level  Notes. 


Station. 

B.S. 

F.S. 

H.  Inst. 

Elev. 

Remarks. 

1 

3.412 

103.112 

100. 

Assumed  elevation  of  Station  1. 

2 

4.082 

99.33 

Station  2  of  survey.    See  page 

Vol 

Sight  taken  to  ground  at  N.  E.  cor. 

John  Smith's  house. 

6.791 

96.621 

3  =  T.  P. 

11.698 

4.862 

110.248 

98.56 

Station  3  of  survey  noted  above. 

4 

9.817 

100.431 

Station  4  of  survey  noted  above. 

B.M.I 

6.311 

103.937 

B.  M.  1  is  on  north  side  of  large 
white  oak. 

5 

6.427 

103.821 

Station  5  of  survey  noted  above. 

In  underground  leveling,  extreme  care  must  be  observed  to  record  the 
algebraic  signs  of  the  readings,  which  show  whether  the  level  ^od  was  held 
in  lt«  usual  position,  indicated  by  a  +  sign  or  the  absence  of  any  sign,  or 
updde  down,  indicated  by  the  —  sign. 

Proof  op  Calculations.— The  calculations  are  proven  by  adding  together 
the  backsights  and  also  the  foresights  taken  to  turning  points  and  la^t 
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station.    Their  difference  equals  the  diflFerence  of  level  between  the  startii^ 
point  and  last  station.    Thus: 

Foresighti.  Backsights. 

4.862  3.412 

6.427  11.698 

11.289  15.110 

11.289 

3.821  =  103.821  —  100.0  or  3.821. 


TRIGONOMETRIC    LEVELING. 

This  method  determines  the  diflFerence  in  elevation  between  two  points 
fVom  the  measurement  of  the  distance  between  the  points,  and  ftoin  the 
vertical  angle  between  them.    Although  generally  less  accurate  than  level-  ! 
ing  with  a  Y  level,  it  is  much  more  rapid  and  is  especially  adapted  for  pre- 
liminary work  in  a  hilly  country,  or 
for  the  leveling  of  mine  slopes  and 
pitching  rooms  where  the  Y  level  can- 
not be  used  with  any  advantage  or 
accuracy.    By  reading  the  angles  and 
bv  checking  the  measurements  a  very 
high  degree  of  accuracy  can  be  ob- 
tained in  trigonometric  leveling. 

Case  1.    Assume  the  elevation  of  A 

to  be  100  ft.  A.  T.    With  the  transit  set 

up  over  A  and  properly  leveled,  sight 

to  a  point  (7  on  a  rod  so  that  B  C 

equals  A  D.  Measure  the  vertical  angle 

Z  and  the  Inclined  distance  D  C,  then  the  difference  in  the  elevation 

between  A  and  B  equals  £  C  =  (72>  X  sin  Z,  and  the  elevation  of  B  equals 

100  -h  B  C. 

Case  2.  Assume  the  elevation  of 
station  A  in  the  roof  of  a  mine  to  be 
100  ft.  A.T.  Then  with  the  transit 
set  up  directly  under  A  and  properly 
leveled  sight  to  a  point  C  upon  the 
plumb-line  suspended  fi-om  the  station 
B,  measure  the  vertical  anele  X,  in- 
clined distance  D  C,  and  roof  distance 
B  C.  From  this,  the  distance  CY  = 
D  (7  X  sin  X.  The  elevation  of  B  is 
then  found  as  follows:  The  elevation 
of  B  =  the  elevation  of  A  —  AD  •{■ 
(DCX^nX)  -\-BC. 

There  are  many  modifications  of 
this  simple  method,  but  from  the  above  diagrams  the  most  complex  modifi- 
cations can  be  worked  out. 

Trigonometric  Level  Notes. 


Station. 

Vertical 

Inclined 

Vertical 

Height  of 

Roof 

Eleva- 

Angle. 

Distance. 

Distance. 

Instrument. 

Distance. 

tion. 

A 

■ 

+100 

A-B 

+50 

100 

+8.72 

V 

3' 

109.72 

B-  C 

+2° 

100 

+3.49 

3' 

2' 

114.21 

C  -  D 

-3° 

100 

-5.23 

4' 

3' 

107.99 

D-E 

-40 

100 

—6.98 

2' 

V 

100.01 

UNDERGROUND   SURVEYING. 

There  are  a  number  of  variations  in  the  foregoing  practice  that  are  caused 
bv  the  entirely  different  set  of  conditions  in  underground  work.    These  haye 
n  grouped  together  for  convenience  of  reference. 
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Tke  CstablUhmtnt  of  SUtiens.— As  this  is  the  most  important  daty  of  an 
engineer  in  surface  work,  so  It  takes  the  first  place  in  work  underground,  as 
tlie  accuracy  of  the  work  depends  on  the  location  of  the  stations,  while  its 
rapidity  depends  on  using  the  fewest  number  consistent  with  completeness. 
It  also  stands  to  reason  that  the  fewer  the  number  of  stations,  the  fewer  the 
chances  of  error.  In  underground  work,  stations  should  be  located  under 
tlie  conditions  of  permanence,  freedom  from  destroying  agencies,  and  ease  of 
access.  Temporary  stations  for  a  single  sight  need  not  fill  all  these  require- 
ments. We  establish  them  generally  In  the  roof  of  the  mine— less  frequently 
in  the  floor.  In  the  former  case  we  must  establish  a  **  center"  before  eacn 
set-up  of  the  transit,  and  thus  underground  difiiers  from  surface  work.  The 
first  surveys  were  made  with  lamps  set  on  the  floor,  sighted  to,  and  then  set 
over.  Permanence  was  secured  by  driving  iron  nails  or  tacks  in  the  sills  of 
the  track  or  sets  of  timber.  As  acid  water  soon  destroyed  these,  they  were 
followed  by  copper  tacks  or  brads,  and  all  were  witnessed  by  notches  cut  on 
both  sides  of  the  sill,  as  in  outside  work,  and  by  a  vertical  paint  mark  on  the 
solid  wall,  with  the  number  of  the  station.  This  method  is  faulty,  as  the 
tracks  in  crooked  gangways  are  seldom  placed  where  one  can  get  the  longest 
si^ht,  and,  as  they  are  the  traveling  ways,  the  stations  run  the  chance  of 
being  knocked  out  by  passing  men  or  mules,  and  the  whole  track,  on  a  curved 
incline,  ii  generally  sprung  by  every  loaded  trip.  As  the  sights  must  be  as 
long  as  carefulness  oi  work  will  allow,  we  put  tnem  generally  in  the  roof,  as 
that  offers  the  greatest  area  for  a  choice,  and  is  not  under  foot.  Any  settling 
of  the  roof  so  as  to  aflfect  the  accuracy  of  the  station  would  be  equally  efi<ect- 
ive  in  destroying  the  accuracy  of  a  station  in  the  floor.  We  therefore  choose 
places  that  will  he  least  affected  by  subsequent  work,  and  put  the  stations  in 
collars,  lids  or  wedges  of  props,  in  the  props  themselves,  when  they  have 
incline  sufiQcient  to  allow  the  transit  to  be  set  under  them,  or  in  the  roof 
itself.  Wherever  set,  they  should  not  project  far  from  the  surface,  and  thus 
be  liable  to  be  brushed  away  in  a  low  gangway  by  cars  with  topping  higher 
than  usual,  or  knocked  away  by  flying  fragments  from  a  shot,  if  near  the 
working  faces.  Top  stations  have  a  mark  about  -them  to  call  attention  to 
their  location.  It  is  generally  a  circle,  unless  there  are  other  corps  at  work 
in  the  same  mine  that  use  the  circle,  and  the  stations  of  the  two  surveys 
would  be  confused  if  marked  alike.  In  this  case  a  corps  selects  some  easily 
made  figure,  as  a  triangle,  square,  etc.  If  two  surveys  use  the  same  station, 
the  mark  of  the  second  survey  is  placed  around  that  of  the  first,  and  the 
"  Remarks  "  give  "  Station  No.  234  of  L.  &  S.  corps,"  etc. 

Kinds  of  Stations.— The  simplest  top  station  is  a  shallow  conical  hole,  made 
with  the  point  of  the  foresight  man's  hatchet,  which  is  dug  into  the  top  rock 
and  rotated,  and  is  called  by  some  a  jigger  station.  Corps  using  these  entirely 
have  a  jigger  consisting  of  a  steel-pointed  extension  rod,  with  an  offset  hold- 
ing a  paint  brush.  The  rod  is  long  enough  to  allow  the  point  to  be  driven 
into  tne  roof  at  any  height,  and  its  rotation  marks  a  circle  with  the  brush, 
which  is  also  used  to  mark  the  number  beside  it.  Centers  are  set  under  such 
stations  and  sights  are  given  by  another  tool— also  called  a  jigger.  This  is  an 
extension  rod,  oeyond  the  upper  end  of  which  projects  a  piece  of  sheet  iron 
shaped  like  an  isosceles  triangle,  with  the  upper  and  smaller  angle  cut  off  so 
as  to  form  an  end  one-quarter  of  an  inch  oroad,  and  in  this  end  is  cut  a 
U-shaped  groove. 

The  sights  are  given  and  the  "  centers  "  set  by  putting  the  plummet  cord 
in  this  groove,  and  placing  the  end  in  the  "jigger  hole  "  in  the  roof.  The 
cord  must  be  more  than  twice  the  length  of  the  section  of  the  place,  as  it 
must  be  held  in  the  hand,  run  over  the  Jigger  notch,  and  hang  vertically  to 
the  plummet,  which  must  come  to  the  noor  when  the  stations  are  "set.  The 
rod  and  cord  are  held  in  the  left  hand,  and  the  right  is  free  to  steadv  the 
"bob,"  give  sight,  or  set  the  center.  The  advantage  of  this  method  lies  in 
the  quickness  with  which  the  centers  are  set  and  the  sights  given,  and  the 
ease  with  which  the  highest  stations  are  reached.  The  disadvantages  are 
the  impossibility  of  making  the  jigger  hole  perfectly  conical,  so  that  the  jig- 
ger can  be  set  in  the  same  place  on  two  successive  sights,  and  the  plummet 
cord  will  hang  exactly  in  tne  same  place. 

Second.— Common  shingle  nails  are  driven  into  collars,  or  cracks  in  the 
roof.  The  end  of  the  plummet  line  is  noosed  and  put  over  the  head.  This 
causes  an  eccentric  hanging  of  the  plummet  that  may  cause  an  error  in  back- 
right  and  foresight  of  the  width  of  the  nail  head,  which  will  be  quite  appreci- 
able in  a  short  dght.  To  do  away  with  this  error,  a  variety  of  nails  ( called  sjxids, 
tpudt,  etc.)  are  made  of  iron  or  copper.    Iron  will  not  corrode  in  dry  mines, 
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and  is  much  cheaper.  The  siinplest  is  made  b^  hammering  out  the  head  of  a 
horseshoe  or  mule-shoe  nailjpuuching  a  hole  m  the  flattened  head  for  insert- 
ing the  cord,  and  cutting  off  the  point,  so  as  to  make  the  finished  spad  an 
inch  long.  This  will  bring  the  head  near  the  surface  without  havingr  to  drill 
too  deep  a  hole,  and  will  make  them  unfit  for  lamp  picks,  as  they  axe  very 
handy  for  such  purposes,  and  thousands  have  been  pulled  out  to  tliis  end. 
Any  blacksmith  can  furnish  them  for  less  than  1  cent  each.  They  are 
driven  broadside  to  the  line  of  sight,  or  they  will  be  liable  to  the  same  objec- 
tion as  the  shingle  nail.  To  remove  all  chance  of  eccentricity,  a  form  is 
made  with  a  shoulder  in  which  a  hole  is  drilled  parallel  to  the  length  of  the 
nail.  The  practice  ofusing  staples  for  stations  is  antiquated — ^though  given 
in  the  last  editions  of  some  modern  textbooks— and  should  never  be  used 
where  accuracy  is  required. 

Third.— All  these  varieties  of  spads  are  driven  into  a  crack  of  the  roof;  but 
such  stations  cannot  be  called  permanent,  as  the  same  force  that  made  the 
crack  will  tend  to  open  it  and  let  the  nail  drop.  Even  if  this  does  not  hap- 
pen, we  shall  have  the  water  In  a  wet  mine  coming  in  by  these  cracks,  and 
rotting  the  nails,  or  the  rock  at  the  sides  of  the  crack,  and  in  a  month  after 
the  placing  of  the  station,  it  will  be  unfit  for  use. 

Fourth.— IxiXjo  a  hole  drilled  in  the  roof,  a  wooden  plug  is  driven,  and  into 
this  we  drive  the  spad.  The  swelling  wood  clamps  the  same  and  prevents 
its  coming  out  as  readily  as  it  was  put  in.  The  plugs  are  made  of  well-dried 
wood  outside,  and  are  carried  by  the  man  that  sets  the  stations.  The  first 
holes  were  made  by  a  jumper,  and  the  plugs  were  2  in.  square  and  6  in.  long. 
The  modern  holes  are  usually  made  by  a  twist  drill  of  as  small  a  diameter  as 
will  do  the  work  without  bending  at  the  shank.  Such  drills  can  be  used  in 
slates  or  clays;  but  an  ordinary  drill  and  hammer  must  be  used  in  harder 
rocks.  The  average  modern  holes  are  ^  in.  to  ^  in.  in  diameter,  while 
the  plugs  are  i  in.  to  1  in.  long  at  the  maximum.  The  smaller  the  hole,  the 
quicKer  the  work.  All  stations  should  be  put  in  the  roof  in  preference  to  the 
under  side  of  a  collar,  or  in  any  ordinary  timbering.  The  only  exception  is 
where  the  roof  is  too  poor  to  hold  them.  Such  stations  should  be  checked  in 
extending  a  survey  before  they  are  used,  if  we  wish  to  swear  to  the  accuracy 
of  our  work.  The  engineer  that  believes  in  using  collars  may  find  himself 
in  the  quandary  of  the  man  whose  company  worked  across  their  line  because 
he  started  from  a  collar  station.  Since  its  location,  the  place  was  working 
and  the  collar  was  taken  down  and  shifted  end  for  end  when  replaced. 
Good  side  notes,  if  consulted,  would  have  shovm  him  the  change. 

FiSth.—X  twist  drill  ^  in.  in  diameter  is  used  to  make  a  hole  in  the  roof; 
a  piece  of  cord— or,  better,  a  copper  wire— is  placed  across  this,  and  a  hard- 
wood shoe  peg  is  driven  into  the  hole  and  binds  the  cord  tight.  The 
plummet  is  tied  to  the  lower  end.  A  cord  will  soon  rot,  and,  if  in  the 
gangway,  is  pulled  out  by  the  drivers  for  whip  lashes,  while  the  wire  is 
more  permanent;  but  even  this  wUl  be  pulled  out  by  catching  in  the  topping 
of  a  car  in  a  low  place. 

LasUy.—T\i%  use  of  spads  is  dispensed  with,  and  all  the  stations  put  in  rock 
roof  where  possible.  A  \"  twist  drill  makes  a  vertical  hole  1  in.  deep. 
Into  this,  when  a  sight  is  to  be  taken,  the  foresight  man  puts  a  steel  clip  with 
serrated  edges.  This  is  made  by  bending  upon  itself  a  thin  piece  of  steel 
^f  in.  wide.  When  the  ends  are  pressed  together  it  will  ^o  into  the  hole,  and 
the  spring  of  the  sides  and  the  serrated  edges  hold  the  clip  in  the  hole  so  that 
it  is  hard  to  pull  out.  The  cord  passes  through  a  hole  m  the  center  of  the 
bend  and  is,  therefore,  in  the  center  of  the  hole— no  matter  how  the  clip 
is  inserted.  It  is  removed  by  pressing  together  the  ends  of  the  clip.  This  is 
the  easiest  and  quickest  way  of  working,  as  there  is  no  eyehole  to  be  freed 
from  dirt  and  no  knot  to  be  tied  and  untied.  The  hanging  of  the  plummet 
takes  a  fraction  of  a  second,  and  the  station  will  remain  as  long  as  the  roof 
keeps  up.  The  disadvantages  are  the  putting  of  the  holes  inclined  to  the 
vertical  by  a  careless  man,  and  the  many  roofs  that  are  unfit  for  piercing 
with  a  twist  drill.  ^     ,,  ^  ,  ... 

Marking  Stations.— We  should  have  some  regular  way  of  witnessing  our 
stations.  In  general,  a  vertical  line  on  the  rib  calls  attention  to  a  station  in 
the  fioor  near  the  side  marked.  A  roof  station  has  the  mark  around  it,  as-has 
been  described,  and  it  is  some  geometric  figure.  If  three  regular  corps  are 
engaged  in  the  same  field  and  meet  in  the  same  mines,  as  the  company 
corps,  the  corps  of  the  individual  operator,  and  the  private  corps  that  is 
looking  after  the  interest  of  one  or  more  of  the  land  owners,  they  must  use 
fferent  signs  for  stations.    The  most  common  are  the  cirple,  square,  and 
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biangle.  If  the  "  circle  '*  coirps  puts  in  the  station,  it  has  a  circle  about  it. 
The  next  corps  uses  it  and  puts  a  square  about  it  and  notes  "  Sta.  472  =  to 
Bta.  742  of  (  )  Corps."  The  third  corps  uses  it  and  puts  a  triangle  about 
tibe  square,  and  notes  "  Sta.  617  =  to  Sta.  472  of  (  )  Corps,  and  Sta.  742  of  (  ) 
Corps.'*  If  the  first  corps  uses  the  station  again,  it  notes  the  numbers  given 
hy  the  two  other  corps,  and  these  three  numbers  will  aid  in  identifying  it  if 
one  or  t^^ro  of  the  numbers  are  lost. 

Distinguishing  Stitions.— Each  station  must  be  lettered  or  numbered  so  that 
it  can  be  readily  recognized  when  the  subsequent  surveys  are  made.  When 
set  it  may  have  been  at  the  end  of  a  gangway,  while  six  months  later 
the  gangway  has  been  driven  hundreds  of  feet  from  that  place,  chambers 
have  been  turned  oflf  in  what  was  solid,  and  the  place  be  so  utterly  unlike 
its  former  state  that  nothing  but  a  fixed  mark  belonging  to  that  station 
alone  will  enable  us  to  recognize  it.  The  methods  of  distinguishing  stations 
vary  widely.  In  one  place  the  writer  found  that  each  gangway  and  room 
had  a  Station  1  at  its  oeginning,  and  the  various  stations  numbered  1  were 
designated  "  Grog  Run  1, 2, 3,  etc.";  "  Pat  James  Gangway  1, 2,  etc.";  and  so 
on  through  the  map,  that  showed  iHJtween  fifty  and  one  hundred  stifttions 
numbered  1,  so  that  a  new  engineer  would  have  had  to  learn  the  mine 
thoroughly  before  he  could  extend  a  survey.  Another  way  is  to  use  Al, 
A2,  etc..  up  to  AlOO,  and  so  through  the  alphabet  to  avoid  running  up  too  high 
in  numbers.  A  third  was  lettenng  the  various  sections  of  the  mine  A,  B, 
C,  etc.,  and  the  numlHjrs  begin  with  1  in  each  and  run  up  indefinitely. 

All  of  the  above  have  disadvantages,  as  powder  or  lamp  smoke,  mud, 
mold,  or  the  misplaced  ingenuity  of  small  boys  may  so  obliterate  or  obscure 
a  mark  that  it  will  be  recognized  only  by  association  with  its  immediate 
neigbbors,  and  these  may  have  shared  the  same  fate.  You  may  have  only  a 
part  of  the  mine  map  with  you,  and  because  the  system  of  marking  strives  to 
get  along  with  as  few  symbols  as  possible,  you  have  to  go  to  the  office,  when 
there  would  have  been  a  chance  of  deciphering  the  mark  if  there  had  been 
a  number  of  figures  to  it.  The  best  practice,  therefore,  courts  large  numbers, 
\yegins  with  Station  0  at  the  mouth  of  the  slope  or  drift,  or  the  foot  of  the 
shaft,  and  numbers  consecutively  in  each  bed.  In  a  short  time  three  figures 
are  reached,  while  in  old  mines  the  numbers  require  four  digits.  The 
chances  of  obscuring  such  a  mark  are  lessened,  while  the  chances  of  our 
deciphering  it  are  increased. 

Centtrs.— When  the  station  is  in  the  roof,  there  must  be  something  for  the 
transit  to  set  over,  as  it  is  easier  to  do  so  than  to  set  under  a  station,  and  much 
more  accurate  as  instruments  are  now  made.  The  set-up  Is  made  over  a 
**  center."  At  first,  a  cross  scratched  on  the  floor  or  on  a  loose  piece  of  slate, 
a  daub  of  white  lead  on  the  same  with  a  small  piece  of  coal  placed  under 
the  point  of  the  plummet— when  that  had  been  steadied— or  finally,  a  nail 
driven  into  a  block  and  afterwards  pointed,  were  used.  All  of  these,  except 
where  the  mark  was  on  the  solid  floor— if  they  were  large  enough  to  be 
stable— were  in  the  way  of  the  observer's  feet,  while,  if  small,  they  were  so 
light  as  to  be  readily  displaced.  It  must  be  noted  here  that  it  is  not  so  much 
the  errors  that  we  can  foresee  and  detect  that  influence  the  accuracy  of  the 
work  in  our  own  eyes,  but  the  chances  of  error  from  accidents  that  we 
cannot  control  and  that  cannot  be  readily  detected.  To  avoid  the  above 
chances,  we  make  the  centers  as  small  and  as  heavy  as  we  can— in  other 
words,  we  make  them  of  lead.  A  hole  li  in.  in  diameter  and  i  in.  deep  is 
bored  in  a  thick  plank,  a  brad  is  set  in  its  center  with  the  head  down;  the 
hole  is  filled  vrith  melted  lead  and  the  brad  is  slightly  raised  to  surround  the 
head  with  lead,  and  held  with  pincers  in  a  vertical  position  till  the  lead  has 
set.  The  brad  is  cut  off  J  in.  above  the  lead  and  pointed.  This  "center" 
combines  weight  and  small  size,  and  is  generally  used. 

PilBt— White  lead,  or  Dutch  white,  thinned  with  linseed  oil,  is  ordinarily 
used.  It  is  carried  in  a  covered  tin  pail  holding  a  pint.  The  cover  has  a 
hole  large  enough  to  admit  the  brush.  The  pail  generally  has  to  be  cleaned 
out  after  each  day's  work,  as  the  brush  gathers  dirt  every  time  it  is  used.  In 
case  the  paint  is  to  be  kept  for  a  number  of  days,  it  must  be  covered  with 
water,  which  C€«i  be  poured  off  before  using.  If  the  ordinary  paint  brush 
has  too  long  brirtles,  it  can  be  shortened  and  kept  from  wearing  by  winding 
with  fine  wire  to  the  proper  length.  The  top  should  be  wiped  clean  and 
dry  with  a  piece  of  cotton  waste  before  the  paint  is  applied,  or  the  white 
will  be  EO  discolored  as  to  be  scarcely  visible,  or  if  the  top  is  dirty  it  will 
flake  off,  and  the  numbers  be  lost. 
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KEEPING  NOTES. 

Taking  Notes.— Complete  notes  should  be  taken  and  recorded  neatly  an< 
systematically,  so  that  a  stranger  can  easily  follow  them.  Every  physica 
characteristic,  and  all  surface  improvements  should  be  noted  and  located 
Everv  ledge  of  rock  should  be  noted,  its  character,  dip,  and  course  of  strik^ 
should  be  taken.  In  a  large  company  there  should  be  a  separate  book  fo 
transit  notes  and  for  side  notes,  and  where  many  collieries  are  operated,  i 
separate  set  of  books  should  be  used  for  each  colliery. 

However  the  notes  are  kept,  we  must  note  the  following  things:  Th€ 
numbers  of  the  stations;  the  needle  readings  to  check  the  vernier;  the 
vernier  reading;  the  dip  of  the  sight;  the  distance  measured,  either  flat  or  on 
the  dip;  the  height  of  the  axis  of  the  transit  from  the  ground;  the  height  o| 
the  point  sighted  at  fi-om  the  ground;  and  all  other  necessary  remarks  td 
make  the  work  plain.  It  is  customary  to  have  series  of  vertical  columns 
headed  (to  suit  the  above)  Sta.,  Needle  F.  S.,  Needle  B.  S.,  Vernier,  Pitch. 
Dist.,  H.  I.  (height  of  instrument),  H.  R.  (height  of  rod,  or  point  to  which 
sight  Was  taken),  and  Remarks. 

At  the  top  of  the  pa^e  in  starting  a  survey,  there  should  be  entered  the 
name  of  the  mine  and  ol  the  bed  where  the  work  is  to  be  done;  the  names  ot 
the  regular  corps  employed  for  the  work,  and  those  that  were  taken  fTom  the 
mine  to  point  out  work  or  assist;  the  instruments  used;  the  date  of  the  work, 
and,  in  case  it  be  the  continuation  of  a  previous  survey,  the  pages  where  such 
work  was  noted  must  be  set  down.  Such  books  are  complete  records,  and 
can  be  used  as  time  books  in  paying  the  men,  or  as  proofs  of  the  kind  of 
work  done  in  case  a  lawsuit  requires  such  testimony,  by  showing  the  number 
of  men,  the  instruments  used,  and  the  time  employed. 

Transit  and  Side  Notes.— There  are  about  as  many  methods  of  keeping  these 
notes  as  there  are  engineers.  These  methods  arrange  themselves  into  groups, 
and  specimens  of  four  groups  will  be  shown,  as  the  most  common  in  use  in 
the  mines: 

i^'irsf.— The  side  notes  of  each  sight  follow  the  transit  notes  of  that  sight, 
and  on  the  same  page. 

Second.— They  are  entered  in  the  same  book  on  opposite  pages. 

Third. — The  transit  notes  of  the  whole  survey  come  iirst,  and  are  followed 
by  the  side  notes  in  the  same  book. 

Fourth.— EacYi  set  of  notes  has  a  separate  book. 

The  last  method  is  the  best— even  if  the  same  man  takes  both  sets  of 
notes,  and  where  two  men  do  the  work  at  the  same  time,  such  a  method  is 
imperative.  Each  mine  should  have  a  separate  set  of  books  for  ordinary 
work  and  special  work,  and  such  a  practice  gives  the  engineer  reference 
notes  in  a  portable  form.  Unless  this  is  done,  and  if  the  party  makes  surveys 
in  twenty  different  mines,  the  notes  of  two  succeeding  surveys  in  Bny  i 
locality  are  generally  in  separate  books,  and  both  must  be  carried.  This 
applies  to  side  notes,  and  four  books  must  be  carried.  With  a  special  book 
for  each  mine,  no  index  is  needed  to  find  a  certain  survey,  and  no  set  of 
books  must  be  overhauled.  The  book  for  that  mine  is  taken,  the  d&te 
looked  up,  and  the  notes  found. 

The  taking  of  side  notes  in  an  ordinary  outside  survey  is  secondary  to  the 
instrumental  work;  while  in  underground  work,  of  ordinary  character,  the 
lines  of  the  survey  are  skeletons  upon  which  are  built  the  aide  notes.  The 
side  notes  are  therefore  of  the  highest  value,  and  the  forms  for  taking  them 
should  embrace  the  salient  features  of  the  underground  work,  so  that 
the  mapper  can  reproduce  them  faithftilly  even  if  he  may  never  have  been 
inside. 

Forme  for  Transit  Notes.— Suppose  we  are  setting  up  at  6;  with  backsight  at 
a;  foresight  to  c;  deflected  angle  ahc  =  85° 27'  left;  and  that  the  distance 6c 
is  421.76  ft.  measured  on  a  pitch  of  +  4°  35'. 

First  Form: 


Sta. 

Needle. 
B.  S. 

S25O30'W 

Vernier. 

Needle. 
F.  S. 

Pitch. 

Dist. 

Sta. 

A 

B 

—a 
h 

L  85°  27' 

L  85°  26' 

860°0'E 

Digiti/prI  \ 

^  421.76 

c 

FORMS  FOR  NOTES, 
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5  -»  -r 

•J    5-/V 

::;pn" 


This  is  read:  "  Set-up  at  h;  backsight  at  a;  foresight  to  e;  first  reading  of 
Temier  under  A;  second  (check)  reading  under  B;  check  reading  by  needle 
eomputed  from  foresight  and  backsight  needle,  etc."  Some  note  the 
readings  of  one  vernier  at  A,  and  the  opposite  one  at  B,  and  take  only 
one  sight.  The  last  column  for  stations  is  sometimes  omitted,  and  the  first 
widened,  so  that  the  three  can  be  entered  as  Ibl- 
lows:  '*cfr-5-c."  ■  n 

Second  /brm.— This  differs  ftom  the  first  in  • 

having  but  one  column  ibr  the  venier  reading,  H  ta 

which  is  not  noted  until  two  readings  agree, 
and  also  in  omitting  the  last  column  for  sta- 
tions, as  noted  above.  In  some  cases  the  line 
is  indicated  l^  but  two  stations,  the  one  set  up 
at,  and  the  foresight,  as  in  the  angle  given 
above,  b-c.  To  note  the  backsight,  the  previous 
line  is  always  taken,  and  under  "  Sta."  we  put 
"  a-b,"  and  the  needle  reading. 

Third  Form.— In  this  case  a  continuous  ver- 
nier is  carried  and  the  readings  are  put  in 
the  second  column,  with  the  needle  course  on 
foresigrhts  as  a  check  in  the  third.  In  the  column 
for  stations  only  the  station  at  which  the  set-up 
is  made  is  noted  on  the  line  with  the  readings 
for  that  set-up— the  backsight  going  on  the  pre- 
vious, and  the  foresight  on  the  following,  lines. 

Fourth  .Fbrm.— This  is  also  a  form  for  record-  Fig.  1. 

mg  a  continuous  vernier,  as  well  as  the  deflected 

angle.  The  right-hand  page  is  for  noting  differences  of  level  as  measured 
by  level  or  transit.  Certain  columns  are  filled  in  at  the  office,  to  make  the 
book  complete  as  a  reference  in  mapping,  or  in  the  mine.  This  form  is 
advocated  ''/or  it8  compactness  ";  but  there  is  such  a  thing  as  too  much  of 
that  article,  as  there  is  no  room  on  either  page  for  remarks,  while  in  all  the 
other  systems,  the  right-hand  page  is  set  aside  for  this  purpose. 

Fifth  Form.— Where  the  leveling  is  performed  by  the  transit,  and  each 
aght  is  taken  with  that  end  in  view,  the  level  notes  are  added  to  any  form 
of  transit  notes  chosen  and  they  are  recorded  as  shown  in  table  on  page  56. 
These  figures  are  used  to  calculate  the  differences  in  elevation,  as  shown  by 
the  pitch  of  the  sight.    The  minus  signs  show  that  the  points  noted  are 

.  below  the  stations.     If  the  station  were  in  the 

■*■* 1  floor,  the  sight  would  have  a  plus  sign.    A  contin- 

uous vernier  can  be  used  with  this  form. 

FormI  for  Side  Notes.— In  every  case  the  notes 
should  convey  to  the  man  that  plots  some  idea  of 
the  form  of  the  place  surveyed.  An  accurate  sketch 
cannot  be  made  unless  the  whole  locality  can  be 
seen  at  a  glance— which  is  seldom,  if  ever,  the  case— 
and  yet  we  must  not  go  to  the  other  extreme  and 
write  down  the  notes  without  a  sketch;  yet  that  is 
what  is  frequently  done,  and  may  be  simply  noted 
as  the  first  lorm,  and  put  aside  as  a  faulty  method 
with  no  good  points. 

Second  Form.— In  this,  see  Fig.  1,  as  in  a  sketch 
made  as  a  person  advances  with  no  definite  idea  of 
the  arrangement  of  the  work,  there  is  too  frequently 
a  running  of  the  sketch  off  the  page— on  one  side  or 
the  other,  and  a  cramping  of  certain  parts.  Insert- 
ing the  figures  on  the  line  of  survey  confuses  the 
one  that  plots  if  the  sketch  is  distorted  or  cramped. 
As  the  hands  of  the  note  man  are  dirty  from  rub- 
bing along  the  tape,  to  find  the  numbers,it  generally 
happens  that  the  sketches  are  smeared  ana  blurred 
'  so  that  they  are  hard  to  decipher  when  the  notes 

Fig.  2.  are  most  clearly  kept,  and  a  method  that  encourages 

cramping,  confusion,  or  obscurity  must  be  rejected. 
THrd  Form.— There  is  no  attempt  made  at  sketching  in  this  form.  Fig.  2, 
but  the  red  line  in  the  center  of  the  page  of  the  note  book  is  taken  as  the  line 
of  Burvey,  and  the  next  parallel  lines  on  either  side  are  taken  as  the  boundaries 
of  the  solid  on  either  side.    The  only  figures  on  each  side  of  th^  red  line  are 
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the  distances  from  the  line  to  the  solid,  while  the  "  pluses"  at  which  they 
were  taken  are  noted  at  the  side  of  the  page,  and  the  exact  distance  between 
the  two  stations  is  enclosed  in  the  parallelogram.  This  method  at  the 
pluses  165  and  157  calls  attention  to  a  point  where  practice  varies  greatlj', 
namely,  How  shall  we  note  the  '•  comer  of  pillar"?  and  Where  is  the  comer? 
One  method  calls  the  corner  that  point  where  the  pillar  begins  to  diverge 
from  the  gangway  line,  as  noted  in  Fig.  2,  at  a,  wnere  a  chamber,  cross- 
cut, or  counter  starts  from  the  gangway;  a  second  method  designates  the 
corner  as  the  first  or  last  solid  part  met  with  in  the  line  of  survey,  as  at  b, 
Fig.  2.  The  first  is  faulty,  as  there  is  no  record  of  the  gradual  divergence  of 
the  pillar  from  the  gangway  line,  and  the  words  "  corner  of  pillar  "  usually 
mean  the  end  of  the  same.  We  should  therefore  call  the  pillar  solid  tiU  the 
line  at  right  angles  to  the  line  of  survey  is  tangent  to  the  ends,  no  matter 
whether  that  end  be  10  or  100  ft.  distant.  Any  one  can  plot  side  notes  if 
accurately  taken,  and  two  persons  accurately  plotting  such  notes  will  reach 
the  same  result. 

Level  Notes.— These  are  kept  as  in  outside  work,  as  has  been  before  stated, 
with  the  exception  that,  as  the  rod  is  reversed  in  getting  the  elevation  of  a 
station  in  the  roof,  the  record  of  the  reading  is  prefixed  with  a  minus  sign. 
A  record  of  such  a  reversed  rod, when  the  target  is  3.78  ft.  below  the  station, 
is  recorded  —3.78. 

The  shaft  is  measured  (if  deep)  by  a  fine  steel  wire  running-  about  an 
accurately  graduated  wheel  (a  sufficient  number  of  turns  being  laid  to 
prevent  slipping)  and  noting  the  number  of  turns  before  the  bottom  is 
reached.  The  wire  may  be  measured  before  and  after  the  operation,  to 
insure  against  stretching.  An  aneroid  mining  barometer,  if  in  good  condi- 
tion, will  give  quite  accurate  results  if  a  number  of  trips  are  made  between 
top  and  bottom,  to  give  an  average.  In  this  case  the  barometer  must  be  left 
quiet  10  or  15  minutes,  to  be  sure  that  it  has  expanded  or  contracted  to  the 

E roper  degree.  For  rou^h  measurements,  the  length  of  the  winding  rope 
etween  top  and  bottom  is  taken. 
By  one  of  these  methods  we  locate  a  bench  mark  below,  that  is  connected 
with  the  outside  work  and  referred  to  tide  water.  As  has  been  stated,  the 
rod  must  be  reversed  to  get  the  elevation  of  all  stations  in  the  roof,  and  all 
such  readings  are  noted  with  the  minus  sign,  as  —4.32'  (read  4.32  ft.  belov 
station).  We  must  bear  in  mind  that  roof  stations  are  almost  certain  to 
settle,  rrom  the  pressure  of  the  superincumbent  rocks.  To  check  such 
settling,  we  must  measure  the  distance  from  roof  to  floor  accurately.  Some  ' 
measure  from  floor  to  rail  of  track.  This  is  inaccurate,  as  the  track  mav  be 
shifted  or  the  grade  changed  in  making  repairs,  or  to  take  out  a  "  sag.'^  A 
noted  expert  once  swore  that  the  roof  had  settled  in  a  mine,  as  his  measure- 
ments were  from  roof  to  track,  and  the  latter  had  been  raised  without  his 
knowledge. 

Whenever  we  begin  a  level  survey,  we  must  measure  the  distance  between 
roof  and  floor  and  see  if  it  agrees  with  the  notes.  If  it  diflfers,  we  must  note 
the  fact  under  the  original  notes,  as  a  check  for  future  work. 


STOPS   BOOKS. 

By  Joseph  Barrell.* 

In  large  metal  mines,  where  the  veins  are  more  or  less  vertical  and  great 
volumes  of  ore  are  extracted  from  between  the  levels,  it  becomes  important 
to  adopt  such  a  system  for  recording  the  shape  and  location  of  the  stopes  that 
at  any  fliture  time  the  engineers  may  be  able  to  give  precise  information 
concerning  them,  without  entering  the  mine  for  the  purpose. 

Preparation  of  the  Stope  Book.— Although  the  timbering  flimishes  means  for 
sketching  and  locating  the  stopes,  some  regular  system  must  be  followed  or 
inextricable  confusion  will  result.  The  book  must  connect  the  stope 
sketches  with  the  transit  work  of  the  drifts  and  also  the  various  floors  with 
one  another. 

Fig.  1  is  a  hypothetical  map  of  a  portion  of  two  levels.  Figs.  2, 3,  and  4 
follow  from  it,  Fig.  2  being  one  leaf  from  the  stope  book.  The  paper  should 
be  of  the  quality  of  that  used  in  field  books,  ruled  by  the  printer  vertically 
and  horizontally,  with  waterproof  lines  in  a  colored  ink — preferably  green. 
A  convenient  scale  has  been  found  to  be  4  lines  to  the  inch,  every  fourth  or 

•  See  '•  Mines  Mid  Mineral*,"  October,  1899,  page 97.    Dign^e^  by GoOglc 
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Fig.  1. 


iifUi  line  to  be  heavier.    Each  square  will  represent  a  square  set,  giving  an 

actual  scale  of  about  20  ft.  to  the  inch.    A  smaller  scale  does  not  show  enough 

detail,  and  a  larger  one  is  not  necessary  for  this  class  of  work. 

The  most  convenient  size  for  the  bound  books  is  11  in.  long  by  &i  in.  wide. 

Only  the  right-hand  leaves  are 

numbered,  so  that  when  open 

a  page  extends  entirely  across 

the  book,  20  in.,  showing  400  ft. 

of  the  leng^th  of  the  vein  and 

wide  enough  for  two  floors  on 

one  v&ge.     The  floors  imme- 
diately above  each  other  must 

follow  on    consecutive  pages; 

thus,  on  the  first  double  page 

will  be  400  ft.  of  the  sill  floor 

and  first  floor,  on  the  second 

Dage   the    second    and  third 

Doors,  and  on  the  seventh  page 

the    twelfth    and    thirteenth 

floors.      The  eighth    page  Is 

reserved  for  cross-sections  of 

the  vein,  and  the  ninth  for  the 

long  upright  section,  these  two 

being  shown  by  Figs.  3  and  4. 

The  next  400  ft.  of  the  same 

drift  will  be  shown  on  page  10, 

so  that  it  joins  on  to  page  1  on  one  side  and  to  page  19  on  the  other,  and 

in  this  way  the  work  of  one  level  is  kept  together.    For  convenience,  the 

book  should  be  indexed  by  placing  a  projecting  tag  with  the  number  of  the 

level  on  each  page  of  the  drift  floor. 

Having  now  a  general  idea  of  the  arrangement  of  the  work  in  the  book,  it 
•  remains  for  us  to  determine,  precisely,  how  to 
place  it  and  how  to  show  the  relation  to  the 
transit  surveys.  First,  it  is  necessary  to  have 
some  reference  line  on  the  vein.  For  this 
purpose  draw  on  the  map,  through  the  center 
of  the  shaft,  a  line  perpendicular  to  the  strike 
of  the  vein,  as  shown  in  Fig.  1.  Scale  off"  from 
the  map  the  distance  at  which  it  cuts  the 
transit  course  ftom  the  nearest  station.  Then, 
by  adding  the  known  distances  between  sta- 
tions to  this,  we  obtain  the  surveyed  distance 
of  any  point  on  the  drift  from,  our  reference 
line.  Select  the  middle  or  end  of  a  page  in 
the  stope  book  for  the  zero  or  reference  line, 
such  that  the  drift  will  go  most  conveniently 
in  the  book,  and  on  the  upper  line  locate  the 
survey  points  at  their  proper  distances  fW)m  it, 
as  in  Fig.  2.  The  vertical  location  of  any  part 
can  be  told  when  the  dimensions  of  the  tim- 
bering are  known.  In  this  instance  the  drift 
is  7  ft.  10  in.  high,  and  each  of  the  following 
12  floors  are  7  ft.  2  in.  If  the  levels  are  exactly 
100  ft.  apart,  the  thirteenth  floor  will  conse- 
quently be  6  ft.  2  in.  in  height. 

Tho  Stope  Book  in  the  Mine.— Having  indi- 
cated in  the  office,  by  a  regular  svstem,  the 
place  for  everything  that  will  be  found  in  the 
mine,  the  next  step  is  to  proceed  to  the  details 
of  sketching.  The  location  of  the  stations  on 
the  top  line  of  the  drift-floor  pages  shows  on 
what  vertical  line  they  should  lie  in  the 
sketch;  but  the  fact  that  each  square  mus^ 
be  kept  as  representing  a  square  set,  and  that 
any  or  all  or  them  may  not  be  exactly  to  our 


Fig.  2. 


any  or  all  of  them  may  i 
scale,  will  cause  the  location  made  in  the  mine  to  vary  slightly  ftbm  that 
made  in  the  office.  Any  such  discrepancy  must  be  taken  upon  the  edge 
of  the  page.    Therefore,  proceed  to  the  station  nearest  the  center  of  the  page 
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and  locate  it  as  nearly  as  possible  ander  its  position  at  the  top,  rememberiiij 
that  the  sets  of  timber,  no  matter  how  irregular,  must  be  represented  ai 
sc^uares.  Now  walk  along  the  drift,  watching  the  charar^ter  of  one  side  at  the 
line  of  the  floor,  sketching  while  walking,  counting  the  sets,  and  indicatinis 
the  posts  by  dots  of  the  pencil.  Check  up  the  nuniber  of  sets  on  each  station 
and  continue  to  the  end  of  the  drift.  Sketch  the  other  side  in  coming  back, 
and  by  counting  the  sets  a  second  time,  from  station  to  station,  a  mrther 
check  is  placed  upon  the  work.  On  the  correctness  of  the  sketcnes  of  the 
drift  floor  that  of  tne  overlying  stopes  depends. 

Having  ftnished  the  drift,  chmb  to  the  nrst  floor  and  locate  the  set  climbed 
through  the  same  distance  east  or  west  of  the  reference  line  as  on  the  drift 
below,  see  Fig.  2.  Since  the  chutes  and  man  ways  will  ordinarily  not  stepoflF 
sideways,  but  only  along  the  dip,  a  chute  will  be  represented  the  same 
distance  from  the  side  edge  of  a  page  on  all  those  floors  where  it  occurs.  In 
this  way  each  floor  is  located  in  longitude.  To  do  the  same  in  latitude  it 
will  be  necessary  to  give  an  arbitrary  number  to  that  row  of  timbers  on  the 
ground  floor  against  the  hanging  wall.  It  is  well  to  start  with  10,  since  then, 
on  a  wider  working  of  the  hanging  wall,  there  will  be  no  danger  of  running 
down  into  negative  numbers.  The  rows  are  numbered  consecutively  as  they 
step  off  toward  the  foot-wall.  Thus,  in  Fig.  2^  on  the  drift  floor,  the  manwa/ 
to  chute  No.  102  is  in  row  14,  and  that  detenmnes  the  numbering  on  the  first 
floor.  On  the  thirteenth  floor,  in  this  instance,  as  shown  in  Fig.  3,  the  man- 
way  is  in  row  19.  In  such  a  manner  each  fl.oor  is  completely  located  with 
reference  to  the  drift  below  and  ultimately  with  the  transit  survey. 

The  ease  and  rapidity  of  the  work  will  depend  on  the  character  of  the 
mine.  Much  is  gained  by  practice,  the  work  not  being  sketched  set  by  set, 
but  a  pause  for  sketching  being  made  every  fifth  or  tenth  set,  or  wherever 
there  is  a  change  in  the  character  of  the  wall.  In  drifts  such  as  are  usually 
found,  from  3,000  to  8,000  ft.  of  sketching  is  a  good  day's  work.  The  sketch 
should  be  taken  at  some  definite  horizon,  and  that  of  the  floor  level  is  best. 
Features  of  constant  recurrence  must  be  represented  by  conventional  signs. 
Thus,  in  Fig.  2,  c  enclosed  by  a  square  indicates  a 
chute  passing  through  the  floor;  up  means  a  ladder 
up;  if,  a  manway  down.  A  frill  line  indicates  a 
rock  wall,  a  broken  line,  lagging;  cross-hatching 
represents  filling;  a  dashed-and-dotted  line,  the 
presumed  limit  of  filled  workings,  etc.  It  is  of 
importance  to  indicate  irregularities  in  the  tim- 
bers. If  it  is  a  short  set,  write  S  within  the  square; 
if  a  long  set,  L,  giving  the  length  if  necessary.  If 
there  should  be  an  angle  in  the  timbering  so  that 
there  may  be  a  set  more  on  one  side  of  the  drift 
than  on  the  other,  represent  it  by  a  wedge-shaped 
opening,  as  shown,  being  the  appearance  of  the 
drift  if  it  were  straightened  out.  In  sketching,  it  is 
essential  to  accuracy  that  the  attention  be  held 
to  a  few  things  at  a  time.  On  reaching  the  top  of 
the  raise  the  plan  views  are  completed,  each  floor 
having  been  sketched  on  the  way  up.  On  descend- 
ing, turn  to  page  8  and  sketch  the  cross-section  of 
the  manway,  as  shown  in  Fig.  3.  Each  set  is  still  represented  by  a  square, 
although  the  sets  are  higher  than  wide,  but  since  that  fact  is  known  It  can 
lead  to  no  error. 

The  stope  book  is  taken  through  the  mine  and  brought  up  to  date  at  the 
first  of  each  month,  and  it  is  necessary  for  the  foreman  or  shift  boss  to 
accompany  the  engineer  and  point  out  each  place  where  work  has  been 
done.  To  pick  up  the  work  readily,  and  identify  the  last  set  of  the  previous 
month,  the  last  cap  should  have  a  notch  cut  in  it  and  the  same  indicated  in 
the  book. 

The  Long  Section.— The  view  of  the  vein  that  will  be  of  most  general  use, 
and  show  at  a  glance  the  progress  of  the  work  of  ore  extraction,  is  the  long 
section.  It  is  a  modified  vertical  projection  of  the  vein,  such  as  would  be 
obtained  if  the  rock  on  the  hanging-wall  side  should  be  removed  and  the 
vein  viewed  from  a  distant  standpKiint  at  the  same  level.  Fig.  4  shows  the 
final  section  made  in  the  office  to  the  same  scale  as  the  map,  but  each  part  of 
it  for  the  corresponding  400  ft.  of  a  level  will  be  placed  on  pages  10, 19,  etc. 
of  the  stope  book,  and  is  compiled  from  the  sketches  of  each  floor.  The 
"'^ng  sections  can  be  drawn  from  the  plan  views  of  the  floors  either  in  the 
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nine  or  the  office,  but  it  is  a  little  better  to  determine  the  limiting  points  in 
lie  mine.  The  transit  stations,  chutes,  and  raises  should,  of  course,  be 
ocated  upon  it  as  common  points  with  the  map,  connecting  the  two.  The 
awal  long  section  is  drawn  by  merely  piecing  together  the  several  parts 
from  the  stope  book  and  drawing  them  horizontally  and  vertically  to  the 
same  scale. 

Since  a  vein  is  quite  an  irregular  surface,  the  question  arises  as  to  what 
modification  of  a  vertical  projection  will  give  the  most  accurate  and  con- 
venient representation  of  ft.    That  devised  by  Mr.  A.  A.  Abbott,  of  which 
the  essential  feature  is  the  horizontal  adjustment  space  left  between  the 
levels,  is  shown  in  Fig.  4.    At  our  reference  line,  in  this  case  the  projection 
of  the  shaft  upon  the  vein,  the  zero  points  of  the  levels  are  placed  over  each 
other.     But  owing  to  the  warpings  in  the  vein,  a  raise,  such  as  No.  201, 
started,  in  this  case,  40  ft.  east,  will  not  break  through  on  the  similar  point 
of  the  level  above.    The  simplest  way  in  which  to  allow  for  these  discrep- 
ancies is  to  draw  the 
levels  more  than  their 
true  distance  apart  by 
the  width  of  an  adjust- 
ment space,    lay    out 
each  level  at  its  true 
length,  and  draw  the 
raises  i)erpendicular  to 
them,   provided,   of 
course,  that  the  raises 
only  step  off  along  the 
dip  and  not  along  the 
strike.    All  these  fea- 
tures can  be  appreci- 
ated by  studying  Figs. 
1,  2,  3,  and  4  in  con- 
nection  with    each 
other.     Lines  corre- 
sponding to  the  height 
are  ruled  on  the  sides 
of  the  drawing,   and 
the  floor  on  which  the 
work  is  being  done  is 
ascertained  by  means 
of  a  parallel  ruler. 
Such  a  view  approxi- 
mates to  a  development 
of  the  vein  horizon- 
tally, but  vertically  to 
a  projection,  since  the 
vein  is  projected  on  a 
series  of  vertical  planes  passing  through  the  transit  courses.    The  drifts  are 
shown  at  their  true  lengths,  but  the  heights  are  the  vertical  distances  and 
not  the  lengths  up  the  dip. 
The  long  section  will  be  brought  up  to  date  every  3  or  6  months,  and  the 

E^rtions  of  the  veins  extracted  during  the  interval  indicated  by  cross- 
atching  or  tinting.  In  the  illustration,  the  ore  bodies  are  cross-hatched  to 
brine  them  out  more  clearly,  but  to  do  this  on  the  regular  map  would 
involve  erasures  with  every  extension  in  the  workings.  In  the  mine,  a 
hard  and  sharp  drafting  pencil  will  be  used,  but  pencil  markings  in  a  book 
constantly  in  use  soon  become  faint  and  blurred.  It  is  necessary  to  go 
throueh  the  book  at  intervals  and  ink  in  everything  with  waterproof  draw- 
ing inK.  Two  colors  can  be  used  with  advantage,  red  for  all  transit  lines 
and  survey  figures,  and  black  for  the  stopes  and  those  symbols  relating  to 
them.  If  there  are  several  splits  to  a  vein,  sometimes  worked  together  and 
sometimes  not,  the  work  on  the  different  splits  can  be  readily  distinguished 
on  the  long  section  by  using  red  for  the  hanging-wall  split,  and  blue  for  that 
of  the  foot-wall.  If  old  filling  is  taken  out,  such  as  ore,  as  frequently  hap- 
pens, the  parts  extracted  can  be  cross-hatched  in  red,  and  thus  a  record  of 
both  the  first  and  second  extractions  preserved. 

The  value  of  these  methods  over  mere  sketches  made  without  system  lies 
in  their  accuracy.  Where  the  timbering  is  irregular,  the  accuracy  of  the 
results  depends  largely  upon  the  time  and  care  taKen  in  the  wor^. 
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The  method  of  diyiding  the  work  in  an  underground  survey  depends  on 
the  size  of  the  corps.  We  will  therefore  consiaer  the  work  of  each  man. 
in  order  to  e:et  the  right  number  for  the  corps.  The  chief  of  the  party 
should  be  wnere  he  can  do  the  most  good,  and  where  he  can  plan  the 
work  for  his  subordinates.  The  principal  point  of  the  survey  is  the 
setting  of  the  stations  so  as  to  do  the  work  thoroughly  with  the  fewest 
set-ups,  and  thus  diminish  the  chances  of  error  in  instrumental  work. 
The  chief  should  locate  the  stations  and  add  all  the  necessary  signs 
to  show  how  the  work  is  to  be  done.  The  trangUman  shoidd  not 
have  his  attention  distracted  fh)m  his  particular  work  by  questions  as  to 
procedure.  He  should  work  untrameled.  The  chief,  therefore,  should  not 
run  transit.  Upon  this  basis  the  ideal  mine  corps  works,  and  sucli  a  corps 
consists  of  at  least  four,  and  better  five,  men  from  the  office,  and  three  from 
the  mine.  It  is  divided  into  two  sections.  The  chief  takes  the  men  supplied 
by  the  mine— one  or  more  of  whom  are  acquainted  with  the  work  done  since 
the  last  survey— and  locates  the  stations;  the  transitman  follows  with  the 
second  section,  to  measure  angles  and  distances.  By  this  time  the  stations 
are  set  and  the  chief  takes  his  men  after  the  transit  party  and  gets  the  side 
notes,  with  a  check  measurement  of  the  distances  between  stations. 

Such  a  cori>s  goes  to  the  end  of  the  former  survey  and  identifies  the  last 
two  stations.  The  transitman  prepares  to  set  up  at  the  last,  while  the  chief 
and  party  goes  as  far  as  he  can  see  the  light  from  the  last  station,  or  to  some 
intermediate  noint  from  which  one  or  more  sights  are  to  be  taken.  He  then 
stops  and  senas  a  man  along  each  place  where  a  sight  must  be  taken,  as  long 
as  meir  lights  are  plainly  seen  from  top  to  bottom  where  he  is  standing,  and 
over  this  place  he  marks  a  point  for  a  station  to  be  inserted,  and  generally 
inserts  it  himself  unless  he  be  pushed  by  work,  and  must  leave  it  for  another 
to  do,  when  he  places  a  circle  about  the  dot,  places  the  number  at  the  side, 
and  as  many  arrows  as  there  are  new  stations,  the  longer  arrow  generally 
pointing  to   the  sight  to  be  last  taken  and  where   the   transit  is  to 

J,     be  set  up  next.    Leaving  a  backsight  at  the  point  just  set, 
I     he  sets,  successively,  stations  at  the  i>oints  where  the 
I     foresight  men  have  stood,  in  the  manner  just  described. 
I      until  he  has  covered  the  new  work— the  mine  boss  or  some 
.     I      intelligent  miner  going  with  him  to  give  him  an  idea  of 
7     I      the  "lay  of  the  ground,"  so  that  the  work  can  be  covered 
•»^,^v^    /     I      with  the  fewest  number  of  stations.    Sometimes  the  chief 
^\      o     I       takes  the  side  notes  and  measures  the  distances  between 
\  479  I       stations  as  fast  as  they  are  set.    In  a  pitching  place,  a  circu- 
\         I       lar  brass  protractor  with  small  plununet  Is  hump  at  the 
I         I       center  of  a  stretched  tape,  to  give  the  angle  at  which  the 
I         f        tape  is  held:  this  serves  as  a  check  to  the  measurements 
I        I        of  the  transit  party,  which  are  taken  as  the  basis  of  the 
work,  and  the  other  measurements  are  solely  as  checks 
In  flat  work,  both  measurements  should  coincide. 

In  a  small  corps,  and  where  time  is  of  little  importance,  the  foresight 
man  puts  in  the  stations  ahead  of  the  transit,  and  while  he  Is  so  doing  the 
transitman  takes  the  side  notes.  Sometimes  the  side  notes  are  taken  by  the 
same  man,  while  one  of  the  party  is  taking  the  transit  to  the  next  station 
and  setting  it  up  for  the  next  sight.  There  are  about  as  many  variations 
flrom  these  two  methods  as  there  are  corps. 

Th&  foresight  man  should  be  intelligent  and  active,  as  the  amount  of  work 
done  in  a  day  depends  on  his  ability  to  keep  ahead  of  the  transitman.  Some  of 
the  latter  are  fast  enoueh  to  keep  two  foresight  men  on  the  jump.  His  duty 
is  to  set  the  center  for  the  next  set-up  under  the  station,  and  also  place  the 
tripod  if  three  are  used  in  the  work,  to  ^ve  the  sight,  and,  in  some  corps,  to 
carry  the  front  end  of  the  tape  and  assist  in  taking  the  distance.  In  some 
corps  he  also  carries  the  bag  with  tools  for  setting  stations,  so  that  he  gen- 
erally has  a  load  that  makes  rapidity  of  movement  difficult,  and  anything 
that  will  diminish  the  weight  carried  will  tend  to  quicken  the  work. 

The  rapidity  with  which  good  work  is  done  varies  considerably,  but  it 
depends  on  the  activity  of  transitman  and  foresightman,  and  a  good  corps 
diould  have  no  trouble  in  making  twelve  set-ups  an  hour,  and  taking 
two  or  three  sights  from  each  set-up.  It  varies  also  with  the  distances 
between  stations.  The  saving  of  time  should  never  be  sought  at  the  expense 
of  accuracy  in  the  work;  it  is  to  be  gained  by  rapidity  of  moving  about,  in 
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seUiTig  transit,  center,  etc.,  and  in  hanelng  plummets  to  give  Eight.  The 
foresight  man  and  backsight  man  should  be  in  position  to  give  sight  before 
the  trandtman  is  ready,  so  that  he  can  turn  his  instrument  on  one  or  the 
other  and  find  them  in  position.  The  slowest  parties  were  those  that  carried 
empty  powder  kegs  (in  the  days  when  loose  powder  was  allowed  inside) 
for  seats,  and  spent  the  greater  part  of  the  time  sitting  on  them. 

The  backsignt  man  has  little  to  do  inside,  and  to  compensate  for  this,  he 
is  the  one  that  cleans  and  oils  the  tape,  gets  out  new  plummet  strings,  and 
sees  that  the  tools  are  ready  for  the  next  work,  as  soon  as  the  corps  gets  to 
the  office. 

The  transitman  cleans  the  transit,  unless  the  corps  has  subordinates  that 
can  be  trusted  with  so  delicate  an  instrument.  The  blackening  fh>m 
salphureted  hydrogen  is  rubbed  from  the  silvered  surfaces  with  wniting, 
and  the  oil  or  paint  smears  are  removed  with  alcohol.  Alcohol  should  be 
used  instead  of  water  for  cleaning  the  instruments,  and  especially  the  lenses, 
which  are  wiped  with  jewelers'  cotton  or  soft  chamois  skin. 


SURVEYING    METHODS. 

Outside  Survevs.— We  have  spoken  of  the  points  necessary  to  include  in 
the  survey  outside,  and  how  the  base  line  is  established.  It  remains  to  call 
attention  to  several  points  that  must  be  known  before  the  surface  plant  can 
be  protected  from  settling,  from  the  removal  of  the  deposit  below.  The 
exact  location  of  all  buildings,  lakes,  ponds,  rivers,  railroads,  etc.  is  not 
only  necessary  f«r  the  making  of  a  correct  map;  it  is  necessary  for  the 
determination  of  the  amounts  and  location  of  the  l>eds  that  must  be  left 
untouched  by  the  subsequent  mining.  Here  must  be  mentioned  an  error 
that  generally  governs  the  location  of  the  retaining  pillars  to  support  the 
above  and  prevent  damages  to  themselves  or  to  the  mine.  The  settling  of 
the  ground  would  make  all  bodies  of  water  leak  into  the  mine,  and  also 
destroy  to  a  greater  or  less  degree  all  surface  plant,  as  well  as  throw  out  of 
plumb  all  shafts  or  other  openings  for  hoisting,  if  it  did  not  close  them 
entirely.  The  usual  custom  is  to  extend  vertical  planes  through  the  bound- 
ary lines  of  such  objects,  and  leave  untouched  all  parts  of  the  superincum- 
bent beds  embraced  by  those  planes.  This  is  accurate  only  when  the  strata 
are  horizontal  or  vertical,  as  beds  settle  normally  to  the  planes  of  the  strata 
and  not  in  a  vertical  line  in  case  the  open  spaces  are  stowed.  If  the  spaces 
are  left  open,  they  are  first  filled  by  falls,  and  then  the  settling  goes  on 
according  to  the  above  rule.  No  cut  is  necessary  to  show  the  method  of 
settling,  and  the  place  where  the  bed  is  to  be  left  untouched  may  be  found 
as  follows:  Draw  a  vertical  section  through  the  point  to  be  supported,  and  also 
the  underiifing  bed  on  the  line  qf  the  dip  cff  the  bed^-the  section  being  accurately 
dravm  to  any  scale.  Draw  through  the  extremities  of  the  object  to  be  supported, 
lines  to  the  bed,  which  wiU  make  right  angles  with  it.  The  space  included  will 
give  the  dimension  of  the  piUar  measured  along  the  dip  of  the  bed,  and  the 
dimensions  of  the.  object  taken  at  right  angles  to  the  first  plane  will  give  the  other 
dimension  of  the  pillar. 

inside  SHrveys.— As  the  beds  of  anthracite  lie  at  all  angles  with  the  hori- 
zontal plane,  the  methods  of  surveying  them  vary  accordingly,  and  can  be 
divided  into  Jlcrf  and  pitching  work.  Flal  work  is  where  the  beds  have  so 
slight  a  dip  that  the  cars  can  be  drawn  to  the  face  of  the  room,  and  where 
there  is  nothing  to  prevent  a  sight  to  that  face  from  the  gangway.  The 
variations  in  the  methods  of  work  in  this  case  depend  on  the  accuracy  with 
which  the  work  must  be  performed,  as,  in  some  cases,  the  workings  are 
approaching  the  boundary  line  of  the  property,  and  the  sides  of  the  rooms 
must  be  located  accurately.  In  general,  the  rooms  are  driven  at  right  angles 
to  the  gangway,  unless  the  dip  is  too  great  to  haul  a  car  to  the  face  on  that 
line,  when  they  are  inclined  to  the  gangway  at  an  acute  angle.  The  width 
of  the  rooms  in  flat  work  is  generally  uniform  where  the  roof  is  good,  but 
where  the  roof  is  poor  the  entrance  is  narrowed  for  a  short  distance  (to  better 
support  the  gangway)  and  then  widened  to  the  ftiU  width,  or  the  whole  is 
driven  to  the  limit  narrow,  and  the  side  is  robbed  when  the  top  is  drawn, 
and  the  whole  room  caves  in.    This  last  must  be  surveyed  before  the  robbing 

The  most  accurate  method  of  survey  is  to  run  a  line  along  the  gangway 
and  put  a  station  at  the  entrance  of  each  room,  whence  a  sight  is  taken 
to  the  face.    This  may  be  varied  by  putting  the  stations  at  alternate  rooms 
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and  measaring  through  the  cross-cuts  to  get  the  thickness  of  the  pillars  of 
the  intermediate  rooms,  or  placing  stations  at  every  third  room  andf  measur- 
ing the  thickness  of  pillars  and  width  of  rooms  that  intervene;  or,  finally,  by 
running  out  the  gangway  with  as  few  sights  as  possible  and  paying  no  atten- 
tion to  the  positions  of  the  rooms  in  setting  stations,  thence  up  to  the  last 
room  to  the  face,  and  back  through  the  cross-cuts  nearest  the  face  to  the 
former  work,  where  a  tie  is  made.  When  opportunity  offers,  sights  are  made 
from  the  face  of  the  rooms  to  the  stations  in  the  gangway  for  immediate  ties. 
In  case  a  gangway  and  airway  have  been  driven  considerably  ahead  of  the 
rooms,  it  is  always  necessary  to  run  lines  out  each  and  tie  at  the  last  cross- 
cut. This  must  be  done  in  every  case  where  the  gangway  is  approaching  the 
boundary  line,  or  old  workings  that  have  been  abandonea  and  are  full 
of  water.  In  addition  to  this  check  the  miners  must  keep  bore  holes  20  ft. 
ahead  in  the  line  of  the  gangway,  and  every  20  ft.  must  drive  others  from 
the  corners  of  the  heading  at  an  angle  of  30°  with  the  line  of  the  g:angway. 
In  this  way  there  will  be  no  danger  of  running  into  "  a  house  of  water,"  as 
the  Cornish  miners  call  it,  if  the  survey  be  inaccurate. 

Pitching  Worlc.— When  the  bed  pitches  so  that  a  car  cannot  be  run  to  the 
face,  and  when  there  is  a  good  deal  of  firedamp  in  the  mine,  it  is  generally 
difficult  to  see  from  the  gangway  to  the  face,  where  the  roof  is  good  and  the 
room  straight,  as  a  buggy  track  or  chute,  or  both— when  the  pitch  is  slight- 
fill  up  the  room,  and,  where  the  pitch  is  great,  the  ^ngway  pillars  generally 
run  across  the  face,  or  there  is  a  "  battery  "  shutting  off  the  bottom  of  the 
room,  so  that  the  face  can  be  reached  only  by  several  sights.  Where  the 
roof  is  poor,  the  obstructions  are  increased,  as  the  rooms  are  driven  narrower, 
or,  if  wide,  nave  center  props  and  stowing  in  the  center.  If  the  coal  is  fUU  of 
slate,  or  if  the  partings  are  thick,  a  large  part  of  the  room  is  taken  up  with 
piles  of  •'  gob,"  and  with  a  very  poor  roof  the  body  of  the  room  that  has  been 
worked  out  is  filled  with  the  fallen  roof,  and  the  coal  is  sent  out  through  the 
triangular  manways,  where  it  is  almost  impossible  to  take  a  sight. 

Work  of  this  kind  is  surveyed  by  lines  out  gangway  and  back  through  the 
faces  of  the  rooms,  which  are  generally  clear,  even  if  the  bodies  of  the  rooms 
are  filled  with  the  fallen  top.  Where  chance  favors,  sights  are  taken  to  the 
gangway;  but  this  very  seldom  happens,  as  the  two  lines  are  as  efifectually 
separated  as  if  in  different  mines.  From  the  stations  in  the  faces,  lines  are 
run  down  the  rooms  as  far  as  possible  to  get  their  direction,  and  to  locate 
the  cross-cuts.  The  very  worst  case  of  all  is  where  two  beds  are  separated 
by  a  thin  parting  of  rock  and  the  gangway  is  driven  in  the  lower  one  alone, 
the  rooms  in  the  upper  one  being  worked  by  rock  chutes  into  the  rooms 
below,  or  into  the  chutes  from  those  rooms.  This  class  of  work  is  h^  \o 
ventilate,  and  to  survey  where  the  rooms  above  are  ventilated  by  the  air 
system  of  the  lower  beds;  but  is  readily  mapped  where  there  is  an  air  system 
for  each  bed. 

Closing  Surveys.— To  diminish  the  chance  of  error  and  to  ftimish  a  ready 
check,  the  survey  must  be  closed  upon  itself  or  some  part  of  a  former  survey 
with  every  twelve  new  stations.  With  good  work  the  error  in  arc  in  a  close 
should  not  exceed  1',  and  the  error  in  position  should  be  less  than  6  in. 
Errors  must  not  be  "balanced";  they  must  be  detected  and  rectified  by 
running  the  line  again,  if  they  are  not  readily  seen  ftom  the  methods  to  be 
given.  If  an  incorrect  survey  be  balanced,  each  subsequent  one  must  be 
altered  to  fit  this  incorrect  work,  though  it  may  be  correct  in  itself,  and  we 
never  know  where  our  work  really  stands.  It  is  well,  therefore,  to  check 
the  work  in  arc  as  soon  as  we  make  a  close  and  before  the  party  leaves  the 
place,  as  it  is  easy  to  rerun  the  work  then. 


CONNECTING  OUTSIDE  AND  INSIDE  WORK  THROUGH  SHAFTS  AND 
SLOPES. 

As  the  dip  of  the  bed  Increases,  it  is  less  easy  to  make  a  connection,  and 
the  chances  of  accuracy  diminish.  In  a  survey,  R,  Cos.  Vert.  Angle  is  what 
locates  the  station  with  regard  to  former  work.  The  greatest  angular 
accuracy  for  a  given  value  of  i2  is  where  Vert.  Angle  =  0°  and  R  =  Cos.  Vert. 
Angle.  As  the  pitch  or  vertical  angle  of  sight  increases,  the  above  cosine 
diminishes  until,  at  a  vertical  sight,  R.  Cos.  Vert.  Ang.  =  0°. 

In  the  case  of  an  adit  level,  or  a  slope  of  less  than  45°,  there  is  no  difficulty 
beyond  the  want  of  absolute  rigidity  in  setting  up  the  transit,  and  the 
danger  of  moving  it  in  going  about  it.    The  difficulty  increases  more  rapidlv 


SHAFTS  AND  SLOPES.  69 

than  does  the  pitch,  and  as  R.  Co».  Vert.  Ang.  diminishes,  though  It  be  fixed, 
the  chances  of  error  increase.  When  the  slope  reaches  6(P  there  is  an 
impracticability  in  running  a  line  down  a  slope,  as  the  line  of  collimation  of 
\he  telescope  strikes  the  graduated  limb  of  the  instrument.  We  can  use 
a  prismatic  eyepiece  and  see  up  the  slope;  but  cannot  look  down.  As  we 
have  assumed  that  it  is  unnecessary  to  use  an  additional  telescope,  we  shall 
have  to  run  the  line  hy  intermediates.  Set  up  at  the  bottom  of  the  slope 
nvhere  the  longest  sight  up  the  same  can  be  secured  and  backsight  on  a 
station  of  the  underground  work;  or  set  a  backsight  for  the  occasion  (both 
stations  will  afterward  be  connected  with  the  work  below).  With  the 
prismatic  eyepiece,  sight  up  the  slope  on  a  line  that  will  give  the  longest 
sight  and,  at  the  same  time,  affora  a  good  intermediate  place  to  set  up 
the  transit,  as,  on  a  pitch  of  60°  or  more,  it  is  absolutely  necessary  that  the 
legs  of  the  transit  should  be  set  solidly  (in  holes  in  the  floor,  or  between  the 
sills  of  the  track)  so  that  they  will  not  be  moved  by  subsequent  walking 
about  it.  By  this  method,  all  the  sights  will  be  taken  fi-om  one  side  alone, 
and  the  tripod  legs  can  be  shortened  to  make  the  sight  possible  without 
building  a  standing  place— if  the  man  be  short-legged. 

Call  this  station  A;  at  the  foot  of  the  slope  locate  B,  where  the  transit  can 
be  readily  set  up,  and  as  far  up  the  slope  as  we  can  see  (this  distance  must  be 
at  least  100  ft. ),  and  in  a  continuation  of  A  B,  locate  C.  Set  up  at  B  and  take 
foresight  to  C;  locate  D  under  the  same  conditions  that  governed  the  placing 
of  B,  and,  in  a  continuation  of  the  line  B  D,  place  E.  Set  up  at  D  with 
foresight  at  E,  and  locate  -Fand  O  as  before.  The  survey  is  carried  by  the 
intermediates  B,  D,  F,  etc.,  to  the  top,  by  a  series  of  foresights  to  C,  E,  G,  etc. 
Shafts. — ^The  term  shaft  in  American  coal-mining  practice  is  applied  only 
to  vertical  oi>enings,  though  in  metal  mining,  both  in  this  country  and 
abroad,  it  is  also  applied  to  highly  inclined  slopes.  For  such  shafts,  most  of 
the  methods  given  in  the  textbooks  are  worthless,  as  they  are  for  transit 
work  and  B.  Cos.  Vert.  Ang.  in  rare  cases  may  be  as  great  as  20  ft.,  while  R 
varies  firom  100  to  1,500  ft.  Again,  to  sight  dimn  a  shaft  necessitates  the 
erection  of  a  temporary  (and  therefore  more  or  less  unsteady)  support  for 
the  tripod  of  the  transit,  and  the  chances  of  variation  in  its  position  as  we 
stand  on  different  sides  of  it  are  so  great  that  we  cannot  feel  sure  that  a 
movement  has  not  taken  place  that  will  vitiate  the  work. 

In  sightins[  up  a  shaft  of  greater  depth  than  100  ft.,  there  is  annoyance— if 
not  danger— from  dripping  water  or  the  fall  of  more  solid  substances.  In  a 
wet  Shalt  the  object  glass  is  instantly  covered  with  water,  and  a  sight  is 
impossible.  We  must  also  have  a  platform  to  stand  upon,  and  we  cannot 
feel  sure  that  this  will  be  perfectly  rigid.  From  all  these  considerations  the 
methods  with  a  transit  are  never  used  by  engineers  In  the  anthracite  regions, 
and  the  connections  are  made  as  follows: 

When  the  bottom  of  the  shaft  can  be  reached  by  an  adit  or  slope  in  a 
roundabout  route  of  such  length  as  to  render  errors  in  measurement  of  dis- 
tance of  great  importance,  the  angles  are  carried  by  a  transit  with  as  long 
sights  as  possible,  and  no  distances  are  measured,  fK)m  a  point  on  the  surface 
in  the  shaft  to  a  point  vertically  below  it  in  the  mine.  Sometimes  the  guide 
of  the  cage  is  taken  when  it  has  been  recently  set,  as  the  guides  are  plumbed 
into  position;  but  the  better  way  is  to  suspend  an  iron  plummet  by  a  copper 
wire:  sink  the  former  in  a  barrel  of  water  so  as  to  lessen  the  tendency  to 
swing  on  account  of  the  pull  upon  the  "bob"  and  wires  from  the  air-cur- 
rents, or  falling  drops  in  a  wet  shaft.  The  top  of  the  barrel  is  covered  with 
two  pieces  of  plank  with  a  semicircular  groove  of  3  in.  radius  cut  out  of  the 
middle  for  the  passage  of  the  wire,  to  catch  the  substances  whose  fall  upon 
the  water  would  cause  waves.  The  heavier  the  plummet  and  the  lighter 
the  wire,  the  less  the  tendency  to  swing.  This  wire  can  be  sighted  at  by 
parties  above  and  below  at  the  same  time,  and  the  swing  can  be  bisected 
to  get  the  position  of  the  wire.  A  number  of  sights  that  agree  can  be  taken 
as  accurate. 

When  the  shaft  is  the  onlv  way  to  get  below  from  above,  it  must  be 
plumbed  with  two  or  more  wires  suspended  as  just  described..  With  two 
wires,  they  are  so  hung  that  an  instrument  can  be  set  up  below  in  a  line 
passing  through  them  produced,  and  at  a  sufficient  distance  from  them  to 
insure  an  accurate  sight;  with  more  wires,  the  station  below  can  be  located 
at  any  point  whence  all  the  wires  can  be  seen. 

Case  L— Two  wires  are  used,  which  are  located  as  far  apart  as  possible. 
Two  pieces  of  scantling  c  d  and  ef.  Fig.  1 ,  are  spiked  across  the  opposite  corners 
of  two  compartments  of  a  shaft  to  allow  the  cages  to  pass  up  and  down 
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without  interference.  The  station  X  is  (roughly)  located  in  a  line  tlirotij 
the  comers  x,  x  and  is  connected  with  the  outside  survey.  From  this  stati< 
locate  in  the  line  Xxx  two  spads  for  holding  the  wires  of  the  pltimb-bol 
These  are  driven  up  to  the  head  in  the  scantling  in  such  a  way  that  the  lii 
of  sight  p&sees  through  the  center  of  the  holes  m  their  heads.  Measure  tl 
distances  Xa  and  a  b.    This  completes  the  work  of  the  survey  above  g:roun< 

The  light  copper  wire  is  rolled,  upon 
reel,  and  one  end  is  fastened  to  a  ligl 
plumb-bob  to  keep  it  ft^e  from  coils 
kinks  in  descending.  It  can  thus 
readily  lowered  without  accideni 
When  at  the  bottom,  the  upper  em 
is  fastened  in  the  spad  and  tne  heavj 
"bob"  applied  to  the  bottom  an^ 
placed  in  the  empty  barrel.  The  ca^ei 
are  then  run  slowly  up  and  down 
with  an  observer  on  each,  to  see  that  the  wires  hang  free  from  top  to  bot 
torn.  By  this  time  the  wire  will  have  stretched  so  that  it  will  be  straight 
and  if  there  be  any  slack,  it  is  taken  up,  the  barrel  is  filled  with  water,  and 
the  top  boards  put  in  place.  As  a  last  check,  measure  the  distance  betweeni 
the  wires  below  and  see  if  it  agrees  with  the  distance  above. 

Lining  in  below  a  point  Yon  the  line  a 6,  make  a  hole  in  the  rooftwQ 
inches  in  diameter,  and  drive  in  a  broad  plug.    Setting  up  the  transit  underl 
y,  we  sight  at  the  wires  a  and  b  alternately.    A  number  of  methods  for  ill  umi- 
nating  the  wires  have  been  used,  and  are  given  in  textbooks.    The  writer  has 
always  found  those  depending  on  a  sight  of  the  wire  across  the  flame  of  a 
lamp  the  hardest  to  obtain,  and  concludes  from  experience  that  the  method 
of  illuminating  the  wires  for  mine  surveying  is  the  best  for  this  also.    A  large 
white  target  is  placed  behind  both  wires  and  illuminated  hy  a  large  lamp 
with  a  reflector  behind  it.    The  wire  stands  out  black  a^nst  it  and  can  be 
followed  across  the  target.    As  there  is  considerable  distance  between  the 
wires,  and  as  the  transit  is  comparatively  near  them,  there  will  be  small 
chance  of  getting  a  sieht  of  one,  when  the  telescope  is  focused  upon  the 
other,  and  so  the  focus  nas  to  be  set  between  them.    This  gives  a  haCzy  sif  ht 
at  each;  but  both  are  shown  against  the  white  background  in  strong  relief. 
After  the  transit  head  is  shifted  so  that  the  line  of  sight  coincides  approxi- 
mately with  both,  focus  upon  them  alternately  and  see  if  the  line  bisects  the 
swing  of  each.    If  so,  the  work  is  done;  if  not,  the  shifting  of  the  transit 
head  must  follow  till  the  end  is  attained.    It  frequently  requires  two  or  more 
hours  of  steady  observation  to  complete  the  work,  and,  when  it  seems  as  if 
the  proper  point  were  secured,  one  of  the  wires  will  show  by  its  swaying  that 
it  has  been  deflected  from  the  vertical  by  a  peculiar  slant  of  wind,  and  the 
result  obtained  must  be  checked  again.    When  you  are  through,  there  is  no 
absolute  certainty  that  the  point  you  have  marked  is  in  the  accurate 
extension  of  the  line  a  6  at  the  surface.    Having  decided  on  the  proper  place, 
you  drive  a  spad  into  the  plug  overhead;  hang  a  plumb-bob  to  it,  and  see  if 
it  be  over  the  axis  of  the  transit,  as  shown  by  the  screw  on  the  telescope.  If 
not,  drive  the  spad  so  that  the  point  of  the  bob  does  so  hang,  and  the  station 
Y  is  said  to  be  m  the  line  a  b.    Measure  Ya  and  the  angles  to  any  station  of 
the  underground  survey;  the  line  o6is  connected  with  the  surveys  at  day- 
light and  below,  and  the  plumb-bobs  may  be  removed. 

Criticism  of  the  Above  MIethod.— 1.  As  has  been  stated,  there  is  no  absolute 
certainty  that  the  i)oint  Y  is  in  the  line  a  b  prolonged,  and  this  want  of 
certainty  should  not  exist  in  so  important  a  measurement. 

2.  The  work  must  be  performed  by  daylight,  and  the  length  of  time 
necessary  to  complete  it  makes  it  impossible  to  work  the  shaft  for  at  least 
half  a  day,  and  may  cause  annoyance  to  the  Operators,  or,  if  you  are  working 
for  a  lessee,  lead  them  to  reftise  to  let  you  have  the  use  of  the  shaft  at  the 
time  most  suitable  for  your  purpose. 

3.  It  may  be  hard  to  obtain  a  long  sight  below  on  any  line  riinning 
through  the  larger  axis  of  the  shaft.  Any  snorter  line  would  give  too  short  a 
base  line  and  would  increase  the  chances  of  error.  To  avoid  these,  another 
method  is  sometimes  used. 

Case  2.— Fig.  2  shows  the  top  set  of  timbers  in  a  shaft  of  two  hoisting 
compartments,  down  which  it  is  desired  to  carry  a  known  course  or  merid- 
ian on  the  surface  to  the  entry  below.  First  find  out  which  side  of  the 
shaft  is  best  adapted  for  setting  up  the  transit,  as  the  point  to  be  marked  in 
the  mines  will  be  vertically  under  the  point  on  the  surface;  consequently, 
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>2b.e  side  with  the  widest  opening  leading  from  the  foot  of  the  shaft  should 
fiA  HPiAcfcefl 

Havine  carried  the  meridian  to  a  convenient  point  near  the  top  of  the 
shaft,  ana  having  found  that  the  south  side  of  the  shaft  is  the  most  accessi- 
ble, determine,  with  an  ordinary  string,  the  location  of  the  point  A,  fh)m 
which  the  hangers  for  the  plumb-lines  will  be  exactly  located:  by  means  of 
the  transit.  Now  mark  with  chalk  on 
the  timbers  where  the  strings  cross. 
These  marks,  though  not  accurate, 
serve  as  guides  in  setting  the  hangers. 
Make  a  permanent  station  at  the  point 
A  and  carry  the  meridian  to  it. 

The  hangers  can  be  made  of  strap 
iron,.i  in.  thick  by  2  in.  wide,  and  at 
least  16  in.  long.  In  one  end  of  the 
iron,  have  a  jaw  with  a  fine  cut  at  the 
apex,  or  a  drill  hole  just  large  enough 
to  contain  the  wire  to  be  used  for 
plumbing.  There  should  be  two  or 
three  countersunk  holes  in  the  hanger, 
through  which  to  fasten  it  to  the  tim- 
bers hj  means  of  heavy  wire  nails.  A 
top  view  of  the  hanger  is  shown  in 
Rg.2. 

In  most  shafts  there  is  a  space  from 
2  to  4  in.  wide  between  the  ends  of 
the  cage  and  the  sides  of  the  timbers; 
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&nd  in  order  to  hoist  and  lower  the  cage  to  see  that  the  wires  are  hanging 
freely,  it  is  best  to  set  the  hangers  in  such  a  position  on  the  timbers  that 
the  wires  will  hang  in  the  middle  of  the  space. 

Fasten  the  hangers  permanently  over  the  chalk  marks  previously  made 
oii  the  north  side  of  the  shaft,  with  the  jaws  pointing  toward  A,  and  on  the 
south  side  of  the  shaft  the  outer  end  of  the  hanger  may  be  fastened 
temporarily. 

Now  set  the  transit  over  the  station  at  A,  take  the  backsieht,  foresight  on 
the  wire  hole  of  the  hanger  C  and  set  the  wire  hole  of  the  hanger  B  on  the 
same  line.  Record  this  course  and  foresight  on  the  wire  hole  of  the  hanger 
E,  fixing  as  before  the  wire  hole  of  the  hanger  D  in  the  same  line.  Record 
this  course,  and  then  the  meridian  to  be  carried  into  the  workings  below  is 
established.  Measure  careftiUy  and  record  the  distances  ^1  to  B,  ^  to  C, 
and  £  to  C,  the  distances  A  to  D,  A  to  E,  and  D  to  E,  and  finally  the  dis- 
tances Bto  D  and  CtoE.  The  necessity  of  taking  all  these  measurements  is 
for  the  purpose  of  establishing  a  point  at  the  bottom  of  the  shaft  vertically 
below  A,  and  checking  the  work  in  the  office. 

The  transit  party  can  now  descend  to  the  bottom  of  the  shaft,  taking  with 
them  four  buckets  of  oil,  the  weights  or  plumb-bobs  to  be  attached  to  the 
wire,  and  all  the  surveying  instruments,  leaving  a  responsible  party  on  the 
surface  to  handle  the  wires.  Having  arrived  at  the  bottom  of  the  shaft, 
have  the  cage  hoisted  3  ft.  above  the  landing,  throw  several  planks  across 
the  timbers  on  which  to  set  the  buckets  of  oil,  signal  to  the  man  on  top  to 
lower  a  wire  and  to  fasten  it  securely,  passing  it  through  the  wire  hole  of 
the  hanger;  now  attach  the  plumb-bob  and  adjust  the  wire  to  such  length 
that,  when  sustaining  the  ftul  weight  of  the  plumb-bob,  the  latter  will  not 
touch  the  bottom  of  the  bucket.  Insert  the  weight  in  the  oil,  using  care 
Tiot  to  leave  the  ftall  weight  on  the  wire  with  a  jerk,  but  let  the  weight 
down  slowly,  so  that  the  wire  receives  the  full  strain  gradually.  Set  the 
three  remaining  wires  in  a  similar  wav. 

After  the  wires  have  been  hanging  a  few  minutes  with  the  weights 
attached,  the  latter  may  move  from  one  side  to  the  other  of  the  buckets. 
Watch  this  carefully  and  keep  moving  the  buckets  until  all  the  weights 
bane  perfectly  free,  then  leave  everything  alone  until  the  wires  become 
steady.  The  cages  can  now  be  hoisted  and  lowered  for  the  purpose  of 
examining  the  wires  to  see  that  they  hang  free  and  plumb,  care  being  taken 
that  the  caees  are  not  brought  so  close  to  the  landings  as  to  disturb  the 
hangers  at  the  top,  or  the  buckets  at  the  bottom. 

To  find  a  point  vertically  below  A,  stretch  a  string  along  the  wires  B,  C, 
being  careftil  not  to  touch  them;  stretch  another  along  the  wires  D,  E; 
then,  with  a  plumb-line,  determine  a  point  on  the  bottom  vertically  below 
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the  intersection  of  the  strings.  Measure  the  distances  A  S,  A  D,  B  D,  and 
C  E  and  compare  them  with  the  corresponding  distances  at  the  top  of  the 
shaft.  If  these  distances  compare  favorably,  the  wires  are,  in  all  probability, 
steady,  and  the  work  of  determining  the  desired  course  with  the  transit 
may  now  be  be^n. 

Set  the  transit  up  over  the  point  of  intersection  just  found;  backsight  on 
the  wires  B.  C;  foresight  on  the  wires  D,  E,  and  compare  the  included  angle 
and  the  distances  with  the  corresponding  angle  and  distances  at  the 
surface.  If  these  do  not  correspond,  move  the  transit  in  the  direction 
necessary  to  increase  or  decrease  the  angle 
or  distances,  as  the  case  may  be.  Repeat 
this  operation  until  the  exact  point  verti- 
cally below  A  is  determined. 

A  simple  device  that  is  of  great  advan- 
tage is  to  have  three  links  from  an  ordinary 
trace  chain  placed  in  the  wires  on  the  side 
toward  the  transit,  and  a  few  feet  above 
the  buckets.  This  not  only  enables  the 
wires  to  turn  freely,  but  also  enables  the 
transitman  to  sight  through  one  of  the  links 
to  the  wire  beyond,  whereby  he  can  place 
the  transit  in  exact  line  with  the  wires  more 
easily  than  if  the  links  were  not  there. 

Case  3.— Two,  three,  or  four  wires  are 
employed.  They  are  secured  and  hung  as 
before,  and  are  located  in  the  ancles  or  the 
compartments  x,  x,  x,  x.  Fig.  3.  These  are 
connected  with  four  stations^,  J5,  C,  D,  the 
lines  A  B  and  C  D  bein^  at  right  angles  to 
one  another  for  convenience  in  the  subse- 

auent  calculation,  and  are  connected  with 
le  outside  survey.  From  A  and  B,  taking 
AB  &&  9k  base  line,  the  points  x,  x,  x,  x  are 
located.  The  same  is  repeated  from  C  and 
D,  taking  CD  as  a  base  line.  We  thus  have 
four  locations  of  each  wire.  These  are  tab- 
ulated, and  any  variations  in  a  reading 
must  be  followed  by  a  repetition  of  the 
same.  The  mean  of  the  readings  gives  the 
location.  (Subseauently,  the  subject  of  cal- 
culating work  will  be  taken  up.)  It  can  be 
briefly  stated  here  that  the  beanngs  of  each 
wire  to  each  of  the  others,  as  referred  to  the 
base  line  of  the  survey,  are  then  calculated 
and  the  distance  between  the  wires  accu- 
rately measured.  This  finishes  the  work  at 
daylight. 

There  may  be  two  general  types  of 
arrangements  of  the  bottom  of  the  ^aft, 
and  both  arrangements  have  been  sketched 
and  lettered  similarly.  The  first  is  a  case 
when  the  shaft  is  arranged  across  the  dip 
of  the  bed.  and  the  second  is  parallel  to  the 
same.  In  both  cases  0  and  7  are  taken  as 
far  apart  as  possible,  and  all  the  wires 
X,  x,  X,  X  located  from  each  station  with 
reference  to  the  other.  The  distances  between  the  wires  above  and  below 
are  also  accurately  measured  as  a  check.  There  will  be  four  locations  of  0 
and  7  from  the  four  wires,  and  the  mean  of  these  is  taken  as  the  correct  one. 
In  every  case  of  angle  measurement  mentioned,  a  series  of  readings  of  each 
angle  is  taken  upon  diflferent  parts  of  the  graduated  limb,  to  avoid  instru- 
mental errors,  and  the  mean  or  these  taken  as  the  true  reading.  From  the 
locations  of  O  and  7,  the  course  between  them,  as  referred  to  the  mean  base 
line,  is  calculated,  and  0  7  is  the  base  line  for  the  underground  work.  The 
angle  readings  above  and  below  can  be  made  at  the  same  time  with  differ- 
ent instniments.  and.  in  taking  the  readings  below,  it  is  not  necessary  to 
wait  for  absolute  quiet  in  the  wires,  as  that  is  seldom  found.  A  small  swing 
"an  be  bisected  by  the  cross-hair,  and  the  readings  are  duplicated  until  a 
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constant  result  is  secured.  By  this  method  a  greater  accuracy  and  speed  is 
obfkinecl,  and  the  angles  below  can  be  accurately  measured,  no  matter  how 
the  shaft  may  be  arranged. 

Thtt  T-Sqaare  Method.*— This  ingenious  method  of  taking  the  line  under- 
ground is  especially  valuable  in  shafts  with  several  small  compartments  or 
m  cramped  places  where  one  cannot  line  in 
with  the  wires. 

The  wires  are  placed  in  separate  com- 
partments and  as  far  apart  as  possible.  The 
apparatus  is  made  by  the  carpenter,  and 
consists  of  a  straightedge  and  T  squares.  The 
former  is  merely  a  planed  pine  board  about 
8  in.  X I  in .  and  a  foot  longer  than  the  distance 
between  the  wires.  It  rests  approximately 
horizontally  on  slats  tacked  across  the  shaft 
for  supports.  It  is  broucfht  to  about  an  }  or 
^  in.  from  each  wire  ana  then  nailed  to  the 
slats  sufficiently  to  prevent  slipping.  One 
man  should  be  at  each  wire.  The  T  squares 
are  most  serviceable  if  made  with  a  mov- 
able head  clamped  by  a  thumbscrew,  and 
of  planed  pine,  about  24  in.  X  i  in.  Except 
in  cramped  quarters,  the  T  squares  will  be 
set  at  right  angles,  and  should  be  placed  together  in  clamping  to  insure 
that  each  is  set  at  precisely  the  same  angle. 

Fig.  4  shows  a  cramped  position  such  as  sometimes  arises  and  in  which 
the  movable  head  gives  more  latitude  in  working.  After  clamping,  the 
T  squares  are  ^d  along  the  straightedge  until  close  to  the  wire,  but  not 
toucning  it,  and  are  there  clamped  by  a  "  G  "  clamp,  both  men  working  at  one 
T  square.    The  ends  of  the  T  squares,  C  and  D,  must  be  supported  on 


distances,  A  C  and  B  D,  from  the  wires.  If  the  wire  vibrates,  determine  the 
middle  of  its  swing  bv  a  pencil  or  pin.  Hold  a  footmark  (not  the  end  of  the 
tape)  opposite  the  wire  on  the  T  square,  measure  out  an  even  number  of 
feet,  and  mark  the  point  with  a  sharp  pencil,  and  insert  a  pin.  This  done 
for  both  wires  gives  us  the  parallelogram  ABD  C,in  which  the  only  essential 
is  that  CD  should  be  exactly  parallel  to  AB,  the  line  of  the  wires.  Now  set 
the  transit  over  the  most  convenient  of  the  two  points,  as  D.  To  get  the 
azimuth  of  D  C,  and,  consequently,  the  line  of  the  wires,  sight  on  a  Known 
point  E  for  a  backsight,  and  measure  the  angle  EDC.  Establish  another 
point  as  F,  on  the  line  of  the  backsight,  in  order  that  its  course  may  be 
preserved  after  the  instrument  and  T  square  are  removed. 

By  this  means  the  closing  angle  at  E  may  be  read  after  the  wires  are 
removed  ftom  the  shaft.  Underground,  the  method 
is  the  same,  except  that  D  C  is  the  known  course, 
and  is  used  as  the  backsight.  To  give  the  coordinates 
of  the  instrument  at  D  with  the  greatest  precision, 
the  angle  ADC  and  the  distance  A D  should  be 
measured. 

Surveying  Slopes  or  Inclined  Shafts.— Where  a  single 
sight  reaches  from  top  to  bottom  of  the  shaft,  tne 

I)roblem  is  simple  enough.  A  station  can  be  estab- 
ished  on  the  inside  of  the  foot-wall  plate  at  the  collar 
and  others  in  similar  positions  at  each  level.  The 
instrument  set  up  over  any  station  can  command  the 
whole  shaft  and  the  level  opposite. 

Where  the  shaft  is  sunk  on  several  dips,  the  survey 
is  a  much  more  difficult  matter.  Fig.  5  illustrates 
cases  of  common  occurrence.  The  shaft  may  be  divided  into  sections  like 
ADEB,  which  are  convex  downwards,  and  others  such  as  EBC,  which 
are  concave  downwards.  As  a  rule  a  set-up  can  be  avoided  at  the  convex 
knuckles  if  desired,  and  need  only  be  made  at  those  that  are  concave. 
Bent  Plumb-Line  Hethod.— ^  may  be  invisible  from  B,  but  the  survey  may  be 
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carried  ftom  one  point  to  the  other  by  the  ingenious  method  of  the  b^t 
plumb-line. 

The  most  complicated  example  which  can  arise  is  shown  in  fig.  5. 
Establish  a  station  at  A,  the  foot-wall  side  of  the  collar,  the  center  point 
being  a  small  nail  head  projecting  horizontally.  Attach  a  long  plmnb-line 
to  this  and  carry  the  other  end  to  B.  Here  it  will  probably  be  necessary  to 
use  a  small  screw-eye,  with  its  head  turned  into  the  vertical  plane  of  the 
shaft,  for  the  center  point.  Pass  the  plumb-line  through  this  and  draw  it 
fairly  tight.  Now  attach  a  plumb-bob  at  an  intermediate  point  and  regrulate 
the  tautness  so  that  the  line  is  clear  at  all  points. 

The  curves  in  the  shaft  may  be  such  that  two  plumb-bobs  may  b&ye  to  be 
hung,  as  at  D  and  E,  and  even  a  third  may  become  necessary. 

TUQ  plumb-line,  perhaps  100  ft.  long,  is  apt  to  be  disturbed  by  the  air- 
currents,  and  it  is  often  better  to  mark  a  i>oint  on  a  convenient  timber  near 
D,  and  another  near  E,  so  close  to  the  string  that  there  is  no  doubt  of  the 
points  lying  in  exactly  the  same  vertical  plane  as  the  plumb-line.  If  these 
points  be  once  established,  the  string  and  weights  can  be  taken  out  of  the 
shaft,  leaving  us  four  points  in  the  same  vertical  plane,  and  whose  horizontal 
projections  lie  in  the  same  course. 

Now  set  up  at  A  and  measure  the  azimuth  angle  from  the  backsight  to  D, 
thereby  giving  the  bearing  from  Ato  B.  If  D  should  be  invisible  from  B, 
depress  the  telescope  after  sighting  on  D  and  locate  the  point  N  in  the  same 
vertical  plane,  ana  so  situated  that  it  is  visible  from  both  A  and  B,  Measure 
the  verticcU  angle  and  distance  to  N.  Now  set  up  at  B,  use  the  course  B  E  for 
a  backsight,  and  foresight  to  C.  Measure  the  vertical  angle  and  distance 
BN.  It  is  seen  that  B  N  might  have  been  used  as  a  backaght,  and  E  only 
serves  as  an  additional  check.  N  is  really  an  intermediate  station,  but  since 
it  lies  in  the  course  ^  J3,  a  set-up  there  is  unnecessary.  In  simple  cases,  it  is  a 
very  convenient  method  of  carrying  a  survey  from  the  surface  to  the  first 
level,  and  a  longer  horizontal  projection  of  the  sight  A  D  can  be  secured 
than  if  a  set-up  were  made  in  the  shaft  at  X>;  but  in  complicated  cases,  such 
as  the  one  shown,  it  may  often  be-  quicker  to  make  the  extra  set-up  than 
to  use  the  plumb-line.  In  all  sisfhts  for  determining  azimuth,  keep  the 
vertical  angles  as  low  as  possible,  and  the  horizontal  projection  of  the 
course  long. 

Method  by  a  Single  Wire  in  the  Shaft.— Stretch  a  rather  fine  wire,  free  from 

kinks,  down  the  shaft,  as  shown  in  Fig.  6,  being  carefUl  that  It  touches 

nowhere  in  the  shaft.    Take  two  plumb-bobs  provided  with  fine  round 

strings.    Suspend  one  ftom  A  and  the  other  fh>m  B  so  that  they  nearly  touch 

the  same  side  of  the  wire  MN.    In  order  to  have  the  plumb-lines  as  far  apart 

as  possible,  the  line  at  B  must  be  quite  long  and  a  can  of  water  should  be 

provided  to  keep  the  bob  from  swinging.    The  plumb-line  is  fetstened  to  a 

nail  B  nearly  in  the  proper  position.    Have  a  bar  of  wood  with  a  block 

fastened  to  it  placed  to  one  side  of  B  and  a  little  below  it. 

The  block  must  have  a  hole  so  that  a  small  screw  bolt  can 

easilv  screw  through  it.    A  spool  is  run  on  the  bolt  having  a 

small  groove  turned  in  it  and  being  sandpapered  and  greased 

so  that  the  string  will  slip  easily  as  the  bolt  is  turned.    Now, 

place  the  transit  in  line  with  the  two  plumb-bobs  as  in  an 

ordinary  case  of  shaft  plumbing.    Repeat  this  operation  below. 

The  plumb-bobs  in  both  cases  hang  in  the  same  vertical  plane 

and  thus  the  true  bearings  are  found  underground.    Even  the 

plumb-lines  could  be  dispensed  with,  but  the  method  would 

not  then  be  so  accurate.    The  instrument  would  be  set  nearlv 

in  the  vertical  plane  passing  through  the  wire,  leveled  and 

sighted  at  M.    Dip  the  telescope  until  the  lowest  point  on  the 

Fig.  6.      vvire  is  visible,  note  the  amount  by  which  the  cross-hair  and 

wire  fail  to  coincide  and  shift  the  instrument  accordingly.    But 

if  this  method  were  tried,  the  two  points  sighted  at  would  not  be  nearly  so 

far  apart  horizontally  as  the  plumb-lines,  and  any  error  in  leveling  would 

also  vitiate  the  result.    This  method  of  the  single  wire,  however,  provides 

no  way  of  obtaining  the  coordinates. 


NOTES  ON    MAPPING. 

There  are  no  general  rules  governing  the  minutiae  of  map  making,  so 
that  it  may  be  well  to  note  some  of  the  variations  in  practice.  In  some 
offices  the  area  excavated  is  shown  by  a  light  wash  of  India  ink  in  addition 
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to  the  ink  line  bounding  the  solid  area.  This  makes  a  striking  map,  and 
the  workings  stand  out  prominently.  If  the  surrey  were  never  to  be 
extended  and  the  map  were  simply  made  to  show  a  particular  state  of  the 
workings,  there  would  be  no  objection  to  the  practice;  but  as  such  exten- 
sions have  to  be  made,  and  old  pillars  removed  or  cut  up,  it  requires  con- 
siderable skill  to  tint  the  extensions,  and  especially  the  surfaces  when 
erasures  liave  been  made,  so  as  to  produce  an  effect  uniform  with  the  old 
tinted  suriiBtce,  especially  as  that  tint  has  been  deepened  by  frequent  han- 
dling. For  these  reasons  many  offices  omit  the  tint  on  the  map,  but  some  tint 
the  back  of  the  tracing  used  by  the  corps,  or  sent  to  the  mine  inspector. 

It  is  an  open  question  whether  the  ends  of  the  chambers  (breasts,  rooms) 
and  gangways  (entries,  levels)  should  be  closed  with  ink.  It  is  well  to  be 
able  to  Bbow  on  your  map  where  the  faces  of  the  workings  were  at  any  given 
time.  Some  place  the  date  of  each  survey  at  the  ends  of  the  gangways  at 
each  posting,  and  of  every  fourth  or  fifth  chamber,  and  thus  note  tne  rapid- 
ity with  "Which  the  mine  is  worked.  Others  use  various  colors  to  denote  the 
successive  postings  of  the  survey,  and  place  across  the  ends  of  gangways  and 
chambers  the  color  appropriate  to  the  survey  that  located  them. 

Where  there  are  a  number  of  beds  worked  from  the  same  shaft,  slope,  or 
adit,  the  workings  are  frequently  vertically  above  one  ^mother,  and  their 
location  on  the  same  map  causes  confusion  unless  care  be  taken.  One  of  the 
methods  used  to  distinguish  between  each  bed  is  to  line  in  the  areas  worked 
with  a  color  appropriate  to  that  bed.  In  this  way,  three  or  four  beds  have 
been  plotted  on  the  same  map.  A  better  way  is  to  make  a  map  for  each  bed 
and  to  combine  the  various  beds  on  the  tracings  for  the  officers  and  the  mine 
inspector.  Each  bed  on  this  is  lined  with  its  color,  and  tinted  with  a  wash 
of  the  same  color  on  the  back  of  the  tracing  on  the  parts  excavated. 

The  lines  of  survey  are  lightly  drawn  between  stations  with  red  ink,  and 
the  stations  denoted  by  minute  circles  of  the  same  color  as  that  used  for  that 
particular  seam.  The  survey  lines  should  never  cut  the  circumference  of  the 
circle,  as  such  a  procedure  might  cause  doubt  as  to  the  exact  location  of  the 
station  in  case  measurements  were  made  on  the  map.  Stations  are  numbered 
as  in  the  mine,  and  beneath  each  is  placed  the  elevation  above  or  below  tide 
of  the  roof  of  the  mine.  If  the  stations  are  numerous  and  the  elevations  fre- 
quently taken,  such  a  map  would  fhmish  the  means  of  ascertaining  the 
shape  of  the  bed  by  runmng  contours  through  points  of  equal  elevation. 
This  plan  was  used  by  a  number  of  engineers  and  was  adopted  by  the  Second 
Geological  Survey  of  Pennsylvania  in  making  their  mine  sheets.  The  adop- 
tion of  the  scale  of  100  ft.  to  the  inch,  under  the  ventilation  law,  also  fur- 
nished that  survey  with  a  means  of  tracing  and  connecting  adjoining 
properties  and  then:  workings,  as  had  been  frequently  done  by  large  com- 
pames  having  adjacent  collieries,  and  the  maps  of  the  anthracite  regions  of 
the  S€«ond  Geological  Survey  of  Pennsylvaniahave  been  thus  compiled  from 
tracings  of  office  maps,  with  little  or  no  inside  work  by  the  corps  of  the  survey. 
The  ground  areas  of  all  buildings  are  tinted  a  uniform  red. 
All  railroad  tracks  are  represented  by  red  lines. 

All  bridges,  etc.,  and,  in  fact,  any  improvements  built  by  man,  are  to  be 
colored  red. 

In  the  mine,  the  stations  are  represented  by  a  small  circle  (o)  vrith  the 
number  in  black  beside  it. 

The  lines  of  survey  are  drawn  between  the  circumferences  of  the  circles 
marking  the  station  o— — o,  so  as  to  leave  the  centers  uncolored.  The 
elevations  above  tide  are  marked. 

All  small  bodies  of  water  are  tinted  vrith  Prussian  blue;  all  large  bodies 
with  indigo— as  Prussian  blue  is  too  vivid  for  large  areas  of  tint. 

It  is  the  custom  to  allot  a  color  to  each  bed,  and  make  each  bed  on  the 
general  tracing  in  its  color.  In  this  way  all  the  beds  may  be  mapped  on  the 
same  tracing,  and  can  be  distinguished  though  the  workings  may  all  under- 
lie the  same  area.  Various  colors  are  sometimes  used  to  denote  the  extent 
of  the  workings  at  the  given  postings. 

The  paper  on  which  the  map  is  made  should  be  of  the  best  quality,  as 
frequent  changes  in  the  workings,  and  the  removal  of  portions  of  old  pillars, 
necessitate  many  erasures.  Ordinary  paper  will  not  work  well  after  erasure 
and  subsequent  handling,  and  the  best  practice  is  to  use  cloth-backed  egg- 
shell paper. 

It  remains  to  note  that  the  temperature  and  humidity  of  the  office,  and  of 
the  place  where  the  maps  are  stored,  should  vary  as  little  as  possible.  As  the 
scale  is  small,  any  variation  in  the  paper  by  contraction  or  expansion  will 
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afiiect  the  scale  on  which  the  map  was  originally  laid  out,  and  will  affect  it 
unequally,  as  the  paper  is  not  homogeneous.  This  can  be  seen  by  making 
measurements  on  ola  maps  to  check  work  done  in  former  times.  In  almost 
every  case  the  50(y  squares  are  slightly  in  error.  This  must  be  guarded 
against  in  case  measurements  are  taken  from  the  map.  It  is  best  to  calculate 
the  distances  wanted  fit>m  the  coordinates  of  the  ends  of  the  lines,  and 
insure  absolute  accuracy. 

A  good  map  is  the  sign  of  a  good  draftsman.  The  title  should  be  subordi- 
nate to  the  map.  It  is  common  to  see  the  fifty-cent  map  of  a  small  area 
smothered  under  a  gorgeous  ten-dollar  title.  The  lettering  should  be  neat 
and  appropriate,  and  a  style  should  be  adopted  that  can  be  readily  thrown 
off— as  time  is  quite  an  item  in  the  money  made  by  mapping. 

A  neat  title,  the  judicious  use  of  tints  over  the  area  excavated,  and  good 
lettering  of  minor  objects  will  add  dollars  to  the 
value  of  a  map.  A  small  outlay  of  taste  and  care 
will  make  a  beautiful  tracing  out  of  a  ragged  one, 
and  double  its  value. 

Locating  Errors.— Errors  in  arc  or  distance  are 
easily  located  by  the  method  of  coordinates.  The 
transitman,  at  the  completion  of  a  closed  survey, 
should  pum  the  angles  and  see  if  it  be  360°.  Thus, 
before  leaving  the  mine,  a  check  will  be  established 
on  the  transit  work.  In  case  of  a  variation  from 
360°,  the  notes  are  examined  to  see  if  the  needle 
readings  show  a  similar  variation  with  the  vernier. 
In  case  the  notes  are  incomplete,  or,  if  a  continuous 
vernier  has  been  carried,  we  table  the  work  before 
leaving  the  mine  and  locate  the  error  as  follows:  Fig.  7  represents  a  close  of 
four  stations  and  an  angular  error  at  c.    Starting  from  a  we  table  as  follows: 
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There  is  an  error  in  close  of  30°,  as  the  course  a"  6  differs  flx>m  the 
course  a  6  by  30°. 

Reversing  the  order  of  tabling,  and  correcting  each  course  by  30°,  we  have: 
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Upon  comparing  the  sums  of  the  northings  and  southings  and  eastings 
and  westings  in  both,  we  find  that  c  is  the  onlv  station  for  which  they  agree. 
Here  the  error  occurred.  The  location  of  c  from  either  direction  was  cor- 
rect, and  what  followed  incorrect.    From  this  we  can  deduce  the  rule: 

To  Find  an  Error  In  Arc— Table  the  close  f^om  any  station  in  both  directions 
back  to  the  initial  station.    The  station  which  has  a  similar  sum  of  eastings 
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and  westmgs  and  northings  and  southings  in  both  tabllngs  is  the  one  at 
which  the  error  was  made. 

With  two  or  more  errors  nothing  can  be  done. 

Errors  in  Olstanos.— These  may  be  found  in  a  close  by  tabling.  Suppose 
we  have  a  square  abed  so  placed  that  the  magnetic  meridian  passes 
through:  b  d.    Let  the  distance  c  d  be  incorrect. 
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The  first  location  of  a  is  southings  0,  westings  0;  the  second  location  is 
southings  35.35,  westings  35.35.  The  westings  are  sines  and  the  southings 
cosines,  as  stated  before.  As  sin  -s-  cos  =  tang  of  course  referred  to  the  base 
line,  we  divide  35.35  by  35.35  and  obtain  1  as  the  natural  tangent  for  45°,  and, 
as  the  error  was  in  southings  and  westings,  the  course  on  which  the  error 
was  made  is  8  46°  W.  The  amount  of  the  error  is  found  by  dividing  the  error 
in  eastings  or  westings  as  tabled  by  the  sine  of  the  course  just  found,  or  the 
error  in  northings  or  southings  by  the  cosine  of  the  same.  Both  results 
will  agree,  35.35  -s-  70.71  =  .50.  Reducing  the  measured  distance  by  this 
amount,  we  find  the  tabulation  shows  an  accurate  close.  From  this  we 
deduce  the  rule: 

To  Find  an  Error  in  Moasoromont— Divide  the  difference  between  the  east- 
ings or  westings  of  the  two  locations  by  the  difference  between  the  northings 
or  southings  of  the  same.  The  quotient  will  be  the  tangent  of  the  course  on 
which  the  error  was  made.  The  extent  of  the  error  is  found  by  dividing  the 
error  in  eastings  or  westings  (as  tabled}  by  the  sine  of  the  above  course,  or 
the  error  in  northings  or  southings  by  the  cosine  of  the  same. 

Locating  Special  Worlc.— This  last  principle  may  be  used  for  finding  the 

g roper  course  and  distance  to  drive  a  tunnel  between  two  stations  connected 
y  a  survey.  In  outside  tunneling,  the  survey  is  generally  carried  over  the 
surfjMje  in  a  straight  line.  In  underground  work  this  is  impossible,  so  that  it 
is  a  much  more  difficult  task  to  ascertain  the  distance  and  direction  to  drive, 
from  the  number  of  measurements  to  be  made  in  connection  with  the  two 
stations,  but  if  the  work  is  accurately  done  it  is  much  more  a  feat  than  in 
outside  work.  To  include  all  the  elements  that  enter  into  such  a  calculation, 
we  will  suppose  that  an  underground  slope  is  to  be  run  between  two  beds  of 
coal.  The  distance  between  the  two  ends  must  be  accurately  obtained,  as 
well  as  the  relation  of  the  two  stations  found.  Having  tabled  the  work,  we 
get  the  difference  between  the  sums  of  sines  and  cosines,  as  just  described, 
for  the  two  points;  the  quotient  firom  dividing  the  first  by  the  second  gives 
us  the  course,  and  from  the  last  rule  the  horizontal  distance  is  found.  The 
levels  give  us  the  difference  in  elevation,  and  from  these  data  we  get  the 
slope  per  hundred,  and  the  distance  measured  on  that  slope.  All  of  the  work 
is  done  in  the  mine  and  while  the  transit  is  setting  up  at  one  of  the  end 
stations,  so  that  before  leaving  the  mine,  we  can  give  the  course,  pitch,  and 
distance  of  the  tunnel  and  set  the  first  station  for  lining  in  the  center.  The 
more  important  the  work,  the  greater  need  of  accuracy.  In  one  case  a 
l,OOKy  chain  was  constructed  to  measure  the  distance  between  two  shafts 
that  were  to  be  connected  by  work  driven  from  both  ends,  and  much 
of  the  outside  work  was  done  on  the  ice  of  the  Susquehanna  River,  and  a 
transit  reading  to  5"  was  used.  The  work  closed  vertically  and  laterally 
within  an  inch. 

Calculation  of  Areas.— In  connection  with  the  mapping  of  the  part  newly 
worked,  the  engineer  of  the  company  sometimes  calculates  the  area 
excavated  since  the  last  posting,  and  estimates  the  royalties  accruing  to  the 
various  parties  whose  lands  are  leased. 

This  method,  at  best,  is  liable  to  grave  errors,  and  requires  a  number  of 
accurate  cross-sections  of  the  bed  to  determine  its  composition,  as  well  as 
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numerous  determinations  of  the  specific  gravity  to  determine  its  weight 
The  old  method  of  estimating  workable  coal  in  a  propertjr  allowed  1,000  tons 
per  acre  per  foot  of  thickness  of  the  bed.  To  obtain  this  amount,  the  roof 
must  be  good,  the  pillars  of  medium  size,  and  the  bed  near  the  surface; 
or  the  surfiftce  must  be  so  yalueless  that  the  pillars  can  be  "drawn"  or 
"  robbed."  As  beds  increase  in  depth,  if  the  surface  be  valuable,  the  ratio 
of  pillars  to  stall  must  increase  or  the  greater  pressure  will  cause  the  mine  to 
cave  in.  It  has  been  found  that,  when  the  surface  is  to  be  kept  up  and  the 
workings  are  to  be  carefully  driven,  but  850  tons  per  acre  per  foot  of  thick- 
ness can  be  used  in  calculation,  under  the  present  system  or  mining.  Efforts 
are  constantly  being  made  to  increase  this  amount,  with  a  possible  chance 
of  success. 

To  estimate  the  amount  of  coal  excavated  from  any  property,  the  best 
method  is  to  institute  an  account  of  all  cars  of  coal  taken  out  rtom  the  work- 
ings under  that  property.  As  soon  as  the  measurements  on  the  mine  tracing 
show  that  a  gangway  or  room  has  crossed  the  property  line,  the  office  is 
notified,  and  all  cars  coming  from  those  places  are  credited  to  that  proi)erty. 
This  is  the  only  absolutely  accurate  method  of  computation.  The  total 
number  of  cars  of  coal  run  through  the  breaker  is  known,  w^ith  the  total 
weight  of  prepared  coal.  The  ratio  of  the  cars  coming  from  a  given  property 
to  the  total  number  of  cars  is  taken  as  the  ratio  between  the  total  prepared 
coal  and  the  coal  sold  from  that  property. 


RAILROAD   CURVES. 

These  are  generally  circular,  and  divided  into  simple,  compound,  and 
reverse  curves.  A  simple  curve  has  but  one  radius,  a  compoundf  one  is  con- 
tinuous and  has  two  or  more  radii,  and  a 
reverse  one  is  also  continuous  but  com- 
posed of  arcs  described  in  opposite  direc- 
tions. 

Curves  are  designated  by  the  number 
of  degrees  in  the  central  angle,  which  is 
subtended  by  an  arc  whose  chord  is  100  ft. 
long.  Thus,  if  the  angle  BOG,  Fig.  1,  is 
10° and  B G is  100 ft.  long,  BGHC&&1QP 
curve. 

The  angle  FEC,  formed  by  the  pro- 
longation of  two  adjacent  straight  por- 
tions of  a  railroad,  or  tangents,  as  they  are 
technically  called,  is  termed  an  intena^- 
tion  angle. 

The  deflection  angle  of  a  curve  is  the 

angle  formed  at  any  point  of  the  curve 

between  a  tangent  and  a  chord  of  100  ft.. 

Fig.  1.  and  is  therefore  one-half  the  size  of  the 

degree  of  the  curve.    If  the  chord  BG  is 

100  ft.,  the  angle  EBG  is  the  deflection  angle  of  the  curve  BGHC,  and  is 

one-half  the  angle  BOG. 

When  the  deflection  angle  D  is  given,  the  radius  of  the  curve,  B,  is 
found  by  the  formula 

»  ,_  50 
sinjD* 
The  curve  used  to  connect  two  tangents  is  determined  mainly  by  the  form 
of  the  country.  When  this  is  decided,  the  point  of  beginning,  called  the 
P.  C.  (point  of  curve),  and  the  point  where  the  curve  ends,  called  the  P.  T. 
(point  of  tangent),  must  be  located.  Both  these  points  are  the  same  distance 
from  the  point  of  intersection  of  the  tangents,  called  the  P.  I.  (point  of  inter- 
section). This  distance  is  called  the  tangent  distance  of  a  curve,  and  is  found 
by  the  formula 

T=  RtSLTikl 
in  which  T=  tan^nt  distance; 

R  =  radius  of  curve; 
/  =  intersection  angle. 
Having  set  the  tangent  points  B  and  C,  Fig.  1,  in  order  to  locate  iwints  on 
the  curve,  set  up  the  transit  at  B,  the  P.  C.    Set  the  vernier  at  zero,  and  sight 
to  E,  the  P.  I.    Suppose  B  to  be  a  full  station  on  the  tangent,  and  that  ithas 
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i  decided  to  set  stakes  at  each  100  ft.    Let  the  central  angle  BOG.  meas- 

l  by  the  100-ft.  chord  BO,  he  10°;  then,  the  deflection  Angle  EB  O,  having 

I  vertex  B  in  the  circumference,  and  beine  subtended  by  the  chord  B  O. 

A\  equal  k  BOO,  or  5°.    Turn  an  angle  of  5°  from  B,  which  in  this  case  will 

i  to  the  right,  measure  100  ft.  from  B,  and  drive  a  stake  at  O.    Turn  off  an 

ildltlonal  angle  of  5°  making  10°  from  zero,  and  at  another  100  ft.  measured 

om  O,  and  drive  a  stake  at  H.    Continue  this  process  until  20°,  or  one-half 

Bie  intersection  angle,  has  been  turned  off.    This  last  deflection  will  bring 

tie  forechainman  to  the  point  of  tangency  C,  or  the  P.  T. 

Wlien  the  P.  C.  comes  between  two  stations  it  is  called  a  substation,  and 

fhe  cli6rd  between  it  and  the  next  station  on  the  curve  is  called  a  svbchord. 

Had  the  P.  C.  been  a  substation,  say  32  ft.  beyond  a  regular  station,  the 

deflection  angle  for  the  measuring  distance  of  100  —  32  =  68  ft.  would  be 

found  in  this  manner:  The  deflection  for  100  ft.  is  5°  =  300';  hence,  for  1  ft. 

it  is  ^  =  3',  and  for  68  ft.  it  is  3  X  68  =  2W'  =  3°  24'.    This  is  turned  off 

and  a  stake  set  in  line  68  ft.  from  the  transit.    Other  stations  are  then  located 
as  above,  by  turning  off  an  additional  5°  each  time. 

Rults  for  Measuring  the  Radius  of  a  Curve.— Stretch  a  string,  say  20  ft.  long,  or 
longer  if  the  curve  is  not  a  sharp  one,  across  the 
curve  corresponding  to  the  line  fh>m  -4  to  C,  in 
Fig.  2.  Then  measure  from  B  the  center  of  the 
line  A  C,  and  at  rie-ht  angles  with  it,  to  the  rail  at 
D.  Multiply  the  distance  AtoB,  or  one-half  the 
length  of  the  string,  in  inches,  by  itself;  measure 
the  distance  i>  to  J?  in  inches,  and  multiply  it  by  Fig.  2. 

itself.    Add  these  two  products,  and  divide  the  sum 

by  twice  the  distance  from  Bto  D,  measured  exactly  in  inches  and  fractional 
parts  of  inches.    This  will  give  the  radius  of  the  curve  in  inches. 

It  may  be  more  convenient  to  use  a  straightedge  instead  of  a  strine.  Care 
must  be  taken  to  have  the  ends  of  the  string  or  straightedge  touch  the  same 
part  of  the  rail  as  is  taken  in  measuring  the  distance  from  the  center.  If  the 
string  touches  the  bottom  of  the  rail  flange  at  each  end,  and  the  center 
measurement  Xs  made  to  the  rail  head,  the  result  will  not  be  correct. 

In  practice,  it  will  be  found  best  .to  make  trials  on  different  parts  of  the 
curve,  to  allow  for  irregularities. 

Example. — Let  ^  C  be  a  20-ft.  string;  half  the  distance,  or  A  B,  is  then 
10  ft.,  or  120  in.  Suppose  B  D  is  found  on  measurement  to  be  3  in.  Then  120 
multiplied  by  120  is  14,400,  and  3  multiplied  by  3  is  9;  14,400  added  to  9  is 
14,409,  which,  divided  by  twice  3,  or  6,  equals  2,401*  in.,  or  200  ft.  1*  in.,  which 
is  the  radius  of  the  curve. 

The  formula  is  thus  stated, 

ABi  +  BB»       _ 
~^BlD~~  =  ^• 

Or,  applied  to  the  above  example, 

^^  =  2,401*  in.  =  200  ft.  U  in. 

To  Find  the  Radius  of  a  Circuiar  Railroad  Curvt,  tlie  Straiglit  Portions  of  a  Road 
Being  Given.— If  Q  /  and  PD,  Fig.  3,  are  the  straight  portions  that  are  to  be 
connected,  the  radius  of  the  curve  ID  may  be  found  as  follows: 

Produce  Q I  and  PD  until  they  meet  and  form  the  angle  T.  Bisect  the 
angle  Q  TP  by  the  line  TC.  From  the  point  on  either  line  from  which  the 
carve  is  to  begin,  in  this  Instance  making  the  point  I  the  point  of  curve,  erect 
the  line  I C  perpendicular  to  Q  T,  and  the  point  where  this  joins  the  line  T  C, 
or  C,  is  the  center  of  the  curve,  and  the  line  J  C  is  the  radius.  To  find  the 
end  of  the  curve,  or  point  of  tangent,  as  Z>,  draw  a  line  from  C,  perpendicular 
to  TP.  The  line  CD  will  also  be  a  radius  of  the  circle  of  which  ID  is  the 
arc,  and  the  point  D  will  be  the  point  of  tangent. 

To  Find  tlie  Radii  of  Compound  Curvos  to  Join  Two  Straigitt  Portions  of  Road. 
This  kind  of  curve  is  adopted  where  the  railroad  is  required  to  pass  through 
given  points,  as  C,  D,  E,  F,  Fig.  3  (6).  or  to  avoid  obstructions. 

Compound  railroad  curves  are  composed  of  straight  lines  and  circular 
arcs,  and  have  common  normals,  OH,OP,PI,QJ,KR,  and  therefore  com- 
mon tangents  where  the  arcs  are  joined.  The  normals  are  perpendicular  to 
the  straight  portions  of  the  road  alao;  0  ZT  is  perpendicular  to  ^  ^,  ^i''  is 
perpendicular  to  Q  J'and  KR. 
~^-  o  ^ 
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To  find  the  radii  OB.CQ,  Fig.  3  (c).  to  connect  two  straight  lines  of  rail 
road,  AB,  DE,  the  road  has  to  pass  from  the  point  B,  through  tlie  point  ^ 
and  to  touch  the  straight  road  EF&t  any  point  D.  I 

Join  B  and  C,  make  the  angle BCO  =  OBC,  which  is  supposecl  to  \h 
given,  equal  9(P—TBC.  Draw  B O  perpendicular  to  A B,  then  Q^  =  CO, 
and  is  the  radius  of  the  arc  B  C. 

With  0  if  as  radius,  describe  the  sltc  BC;  draw  CF  perpendicular  to  CQ. 
and  produce  D^to  meet  it  inF;  make  D/*  =  CF,  and  draw  D  Q  perpen- 
dicular to  EF,  to  meet  CQ  in  Q.  Then  CQ  =  QD,  and  the  radii  O  B  and 
Q  D  are  determined. 

Practical  Method  of  Laying  Out  Sliarp  Curves  in  a  Mine.— Curves  in  a  mine  are 
usually  so  sharp  that  they  are  designated  as  curves  of  so  many  feet  radius, 
instead  of  as  curves  of  so  many  degrees. 

Suppose  that  it  is  required  to  connect  the  two  headings  A  and  -B,  Flgr-  4  (a), 
which  are  perpendicular  to  each  other,  with  a  curve  of  60  ft.  radius.     Pre- 
pare the  device  shown  in  Fig.  4  (6),  by  taking  three  small  wires  or  inelastic 
strings  f  g,  g  h,  and  g  k,  each  10  ft.  long,  and  connecting  one  end  of  each  to 
a  small  ring,  and  the  other  end  of  two  to  the  ends  of  a  piece  of  wood  If  ft. 
long.    Form  a  neat  loop  at  the  end  /  of  the  string  gf.    To  use  this  device, 
lay  off  on  the  center  line  of  the  heading  B,  c  d  and  d  e  equal  to  60  ft.  and 
10  ft.,  respectively.     Place  the  loop  /  of  the 
device  described  over  a  small  wire  peg  driven 
in  at  e,  and  the  ring  g  over  a  similar  pegr  at  d. 
Take  hold  of  the  stick  h  k,  pull  the  strin^rs  ff  h 
and  g  k  taut,  and  place  the  center  mark  on  h  k 
on  the  center  line  of  the  heading  B.    Drive  a 
small  peg  in  at  m,  located  by  the  point  k,  Mrlxich 
is  on  the  curve.     Move  the  device  forwfird, 
place  the  loop  /  over  the  peg  at  d,  the  rin^  a 
over  the  peg  at  m,  and  take  nold  of  the  stick 
h  k  and  pull  until  the  strings  g  h  and  g  k  are 


taut,  and  the  strings  fg  and  g  h  are  in  a  straight  line.  The  point  k  will  fall 
on  the  curve  at  n,  which  mark  by  driving  in  a  peg.  To  locate  other 
points,  proceed  exactly  as  in  the  last  step.  The  distance  cd  in  any  case 
IS  found  by  the  formula  cd  =  R  tan  i  i;  in  which  R  is  the  radius  of  the 
curve,  and  /  the  intersection  angle  of  the  center  lines  of  the  headings. 


HINTS  TO  BEGINNERS. 

Abuse  of  instromenta.— Survejing  instruments  of  value  and  precisioii  are 
not  made  of  cast  iron,  as  one  would  think  from  the  way  they  are  frequently 
handled.    Underground  work  is  transacted  in  places  dark,  dirty,  and  con- 
fined, so  that  extra  care  must  be  observ^ed  to  prevent  accidental  knocks  that 
?e  the  instrument  even  if  they  do  not  destroy  its  accuracy. 
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As  it  freqnently  happens  that  lone  distances  must  be  traversed  under- 

Soiind  in  goin^  between  the  shaft  or  slope  and  the  workings  to  be  surveyed, 
e  trajxsit  and  level  should  be  carried  so  as  to  obviate  all  accidents.  They 
should,  never  be  attached  to  the  tripod  and  carried  on  the  shoulder,  and,  if 
the  route  to  be  passed  over  is  up  or  down  a  slope  or  working  place,  the 
person,  carrying  tne  instrument  should  be  the  last  to  descend  and  tne  first  to 
ascend,  so  that  loose  stones  or  dirt  that  may  be  dislodged  will  not  affect  or 
endan^^er  the  instrument  or  trip  the  carrier. 

Be  BQre  that  the  tripod  head  is  tightly  screwed  on  to  the  tripod.  The 
writer  remembers  a  case  where  the  transitman  and  himself,  when  new  to 
the  ^i¥ork,  spent  over  an  hour  in  endeavoring  to  obtain  two  readings  of  an 
ang^le  that  would  agree.  The  variations— fh)m  8'  to  2°— were  caused  by  the 
slig^lit  movement  of  an  old  instrument  with  too  much  "  lost  motion,"  and  a 
loose  tripod  head. 

A  cireat  many  engineers  prefer  kerosene  to  fish  oil  for  their  lamps.  Kero- 
sene never  drops  upon  your  book  to  make  an  unsightly  smear,  and  perhaps 
obliterate  part  of  your  notes.  A  kerosene  lamp  is  hotter  and,  with  the 
glazed  mine  hat,  is  more  apt  to  produce  headaches.  The  writer,  during  the 
latter  part  of  his  underground  work,  wore  a  straw  hat,  had  a  piece  of  thin 
sheet  brass  riveted  to  its  front  with  a  hole  in  the  top  for  the  lamp  hook.  To 
the  lamp  was  brazed  a  narrow  cross-strip  of  the  same  metal,  and  the  strip 
ends,  bent  back  upon  themselves,  were  slid  down  the  sides  of  the  plate  on 
the  hat  and  kept  the  lamp  from  swaying.  With  such  an  arrangement  it  is 
not  necessary  to  remove  the  lamp  to  read  the  vernier,  and  when  the  lamp 
is  used  for  other  purposes,  the  hat  can  be  removed  with  the  lamp  fastened  to 
it.  This  arrangement  keeps  the  hands  f^ee  from  lamp  smoke  or  oil,  and  a 
cleaner  note  book  is  the  result. 

When  there  is  an  antipathy  to  a  lamp  upon  the  head,  and  when,  with  a 
long,  wooden  handle,  one  or  both  hands  are  free  in  going  about  the  work, 
a  larger  lamp  is  used  of  "torch"  pattern,  employed  by  wheel  testers  or 
engineers  in  railroad  practice.  Kerosene  can  be  Durned  in  this.  The  handle 
can  be  tucked  under  the  left  arm  while  taking  side  notes.  Such  a  lamp  is 
convenient  in  finding  old  stations  in  a  high  place,  when  there  is  no  firedamp. 
For  plumbing  wet  shafts,  kerosene  resists  the  extinguishing  power  of 
water  better  than  fish  oil,  and  is  less  readily  blown  out  by  a  strong  ventilating 
current.  It  makes  more  smoke,  and,  in  tight  headings,  or  mines  with  poor 
ventilation,  with  a  large  party,  fouls  the  air  much  more  readily  than  fish  oil. 
Sometimes  a  mixture  of  the  two  is  burnt  in  very  drafty  places,  where  it  is 
hard  to  miaintain  a  light.  Kerosene  is  burned  in  the  plummet  lamp  unless 
it  is  used  with  the  "  safety "  attachment.  Sweet  oil,  or  any  oil  burning 
without  smoke,  must  then  be  used.  Smoke  clogs  the  openings  in  the  gauze, 
restricts  the  entry  and  escape  of  gases,  and,  especially  if  the  gauze  be  damp 
with  oil,  may  ignite  and  communicate  the  flame  from  within  to  the  outside 
body  of  gas. 

white  lead  or  Dutch  white  (white  lead  and  sulphate  of  baryta  in  equal 
parts)  is  best  for  painting  stations.  Zinc  white  has  been  tried  with  less 
success.  The  mixture  should  not  contain  too  much  linseed  oil— especially 
in  wet  places— or  it  will  run  and  destroy  the  witness. 


THEORY   OF   STADIA    MEASUREMENTS. 

By  Arthur  Winslow.* 

Late  Assistant  Oeologiat,  Second  Oeological  Survey  of  Pennsylvania,  State 

Geologist  of  Missouri. 

The  fhndamental  principle  on  which  stadia  measurements  are  based  is 
the  geometrical  one  that  the  lengths  of  parallel  lines  subtending  an  angle  are 
proportional  to  their  dlstancesfrom  its  apex.  Thus  if,  in  Fig.  1  (a),  a  represents 
the  length  of  ^  line  subtending  an  angle  at  a  distance  d  from  its  apex,  and  a' 
the  length  of  a  line,  parallel  to,  and  twice  the  length  of,  a  subtending  the 
same  angle  at  a  distance  d'  from  its  apex,  then  d'  will  equal  2d. 


*  Mr.  Winslow'B  calculation!)  and  tables  have  been  proved  practically  correct  by  the  several 
corps  of  the  Second  Geological  Survey  of  Pennsylvania.  The  corps  in  the  anthracite  regions,  under 
directions  of  Mr.  Frank  A.  Hill,  geologist  in  charge,  took  over  30,000  stadia  sights,  and  better 
results  were  obtained  when  tie  surveys  were  made  than  in  previous  work  in  which  distances 
were  chained.  O 
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This  is,  in  a  general  way,  the  underlying  principle  of  stadia  work;  the 
nature  of  the  instruments  used,  however,  introduces  several  modifications, 
and  these  will  be  best  understood  by  a  consideration  of  the  conditions  under 
which  such  measurements  are  generally  made. 

There  are  placed  in  the  telescopes  of  most  instruments  fitted  for  stadia 
work,  either  two  horizontal  wires  (usually  adjustable),  or  a  glass  with  two 
etched  horizontal  lines  at  the  position  of  the  cross-wires  and  equidistant 
Arom  the  center  wire.  A  self-rea!aing  stadia  rod  is  flirther  provided,  gradu- 
ated according  to  the  units  of  measurements  used.    In  a  horizontal  sight 

with  such  a  telescope  and  z^, 
the  positions  of  the  stadia  wires 
are  projected  upon  the  rod,  and 
intercept  a  distance  wbich,  in 
Fig.  1  (o),  is  represented  by  o. 

In  point  of  fact,  there  la 
formed,  at  the  position  of  the 
stadia  wires,  a  small  conjugate 
image  of  the  rod  that  the  wires 
intersect  at  points  b  and  c, 
which  are,  respectively,  the 
foci  of  thenoints  B  and  Con 
the  rod.  If,  for  the  sake  of 
simplicity,  the  object  ^lass  be 
considered  a  simple  biconvex 
lens,  then,  by  a  principle  of 
optics,  the  rays  from  any  point 
of  an  object  converge  to  a  focus  at  such  a  position  that  a  straight  line,  c^led 
a  secondary  axis,  connecting  the  point  with  its  image,  passes  through  the 
center  of  the  lens.  This  point  of  intersection  of  the  secondary  axes  is 
called  the  optical  center.    Hence,  it  follows  that  lines  such  sacC  and  6  B, 


Fig.  1. 


in  Fig.  1(b),  drawn  from  the  stadia  wires  through  the  center  of  the  object 
glass,  will  intersect  the  rod  at  points  corresponding  to  those  that  the  wires 
cut  on  the  image  of  the  rod.    From  this  follows  tne  proportion: 


^ 

P  ~  r 


(1). 


where 


d  =  distance  of  rod  from  center  of  objective; 
p  =  distance  of  stadia  wires  from  center  of  objective; 
a  =  distance  intercepted  on  rod  by  stadia  wires; 
I  =  distance  of  stadia  wires  apart. 


If  p  remained  the  same  for  all  lengths  of  sight,  then  y-  could  be  made  a 

desirable  constant  and  d  would  be  directly  proportional  to  a.  Unfortunately, 
however,  for  the  simplicity  of  such  measurements,  p  (the  focal  length)  varies 
with  the  length  of  the  sight,  increasing  as  the  distance  diminishes  and  vice 
versa.  Thus,  the  proportionality  between  d  and  a  is  variable.  The  object, 
then,  is  to  determine  exactly  what  function  a  is  of  d  and  to  express  the  rela- 
tion in  some  convenient  formula. 

The  following  is  the  general  formula  for  biconvex  lenses: 

1  +  1  =  1;  (2) 

f  is  the  principal  focal  length  of  the  lens,  and  p  and  p'  are  the  focal  distances 
of  image  and  object,  and  are,  approximately,  the  same  asp  andd,  respectively, 
in  equation  (1): 

Therefore,  f"  ~r  ==  ~7»  approximately, 

,  d        d      ^ 

and  —  =  —  —  1. 

^  ^    -^ 
d        a 


From  (1), 


Whence, 


I 

=  4-1. 


d  = 


J*  *   +  /•     Digitized  by  ©OOglC 
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In  this  formula,  it  will  be  noticed  that  as  /  and  I  remain  constant  for 

'  ts  of  all  lengths,  the  £Eu;tor  by  which  a  is  to  be  multiplied  is  a  constant, 

^    that  d  is  thus  equal  to  a  constant  times  the  length  of  a,  plus/.    This  for* 

lula  would,  seem,  then,  to  express  the  relation  desired,  and  it  is  generally 

idered  as  the  fundamental  one  for  stadia  measurements.    As  above 

ed,  however,  the  equation  —  +  -^  =  y  is  on\j  approximately  true,  and 

ifiie  conjunction  of  this  formula  with  (2)  being,  therefore,  not  rigidly  admissi- 
ve, equation  (3)  does  not  express  the  exact  relation.*  The  equation  express- 
Itog  the  tarue  relation,  though  differing  from  (3)  in  value,  agrees  with  it  in 

fi>rm,  and  also  in  that  the  expression  corresponding  to  y-  is  a  constant,  and 

that  the  amount  to  be  added  remains,  -practically,  /.    The  constant  corre- 

qx>ndingr  to  -j  may  be  called  ftf,  and  thus  the  distance  of  the  rod  from  the 

objective  of  the  telescope  is  seen  to  be  equal  to  a  constant  times  the  reading 
on  the  rod,  plus  the  principal  focal  length  of  the  objective.  .  To  obtain  the 
exact  distance  to  the  center  of  the  instrument,  it  is  further  necessary  to  add 
the  distance  of  the  objective  from  that  center  to  / ;  which  sum  may  be  called  c. 
The  final  expression  for  the  distance,  with  a  horizontal  sight,  is  then 
d  =  ka-\-c.  (4) 

The  necessity  of  adding  c  is  somewhat  of  an  encumbrance.    In  the  stadia 
work  of  the  U.  S.  Government  surveys,  an  approximate  method  is  adopted  in 
which  the  total  distance  is  read  directly  from  the  rod.    For  this  method  the 
tod  is  arbitrarilv  graduated,  so  that,  at  the  distance  of  an  average  sight,  the 
same  number  oi  units  of  the  graduation  are  intercepted,  between  the  stadia 
wires  on  the  rod,  as  units  of  length  are  contained  in  the  distance.    For  any 
other  distance,  however,  this  proportionality  does  not  remain  the  same;  for, 
tLCCording  to  the  preceding  demonstration,  the  reading  on  the  rod  is  propor- 
tional to  its  distance,  not 
from  the  center  of  the  in- 
strument, but  from  a  point 
%,t  a  distance  "  c  "  in  front 
of  that  center,  so  that 
when   the  rod  is  moved 
from  the  position  where 
the  reading  expresses  the 
exact  distance,  to  a  point 
say  half  that  distance  from 
the  instrument  center,  the 
leadinfi^  expresses  a    dis- 
tance leaa  than  half;  and, 
at  a  point  double  that  dis- 
tance from  instrument  cen- 
ter, the  distance  expressed 
by  the    reading   is   more 
than  twice  the  distance. 
The  error  for  all  distances 
less  than  the  average  is 
minus,  and  for  spreater  dis- 
tances, plus.    The  method 
is,  however,  a  close  approx- 
imation, and  excellent  re- 
sults are  obtained  by  its  use. 
Another  method  of  get- 
ting rid  of  the  necessity  of 
adding  the   constant  was 
devised   by  Mr.  Porro,   a 
Piedmontese,  who  constructed  an  instrument  In  which  there  was  such  a 
combination  of  lenses  in  the  objective  that  the  readings  on  the  rod,  for  all 
lengths  of  sight,  were  exactly  proportional  to  the  distances,  t  The  instrument 

•  Thli  1«  demonstrated  later  on. 

t  k  !■  dependent  on  /,  and  can  therefore  be  made  a  convenient  value  in  taxj  Instrnment  fitted 
irith  adjustable  stadia  wires.  It  is  generally  made  eqnal  to  100,  so  that  a  reading  on  the  rod  of  1' 
oonesponds  to  a  distance  of  100'  +  /. 

t  A  notioe  of  this  instrument  will  be  found  in  an  article  by  Mr.  Beujamin  Smith  Lyman, 
entitled  "  Teleaoopio  Measurements  in  Surveying,"  in  "Joamal  Franklin  Institute,"  May  and 
June,  180,  and  a  filler  desoriptlon  is  contained  in  "  Annates  des  Mines,"  Vol.  XVI,  fourth  series. 
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was,  however,  bulky  and  diflacult  to  construct,  and  neyer  came  into 
extensive '  use. 

For  stadia  measurements  with  inclined  sights,  there  are  two  modes  of 
procedure.  One  is  to  hold  the  rod  at  right  angles  to  the  line  of  sight:  the 
other,  to  hold  it  vertical.  With  the  first  method,  it  will  be  seen,  by  reference 
to  Fig.  2(a),  that  the  distance  read  is  not  to  the  foot  of  the  rod  E,  but  to  a  point 
/.  vertically  under  the  point  F,  cut  by  the  center  wire.  •  A  correction  ^>as, 
therefore,  to  be  made  for  this.  An  objection  to  this  method  is  the  difficulty 
of  holding  the  rod  at  the  same  time  m  a  vertical  plane  and  inclined  at  a 
definite  angle.  Further,  as  the  rod  changes  its  inclination  with  each  new 
position  of  the  transit,  the  vertical  angles  of  backsight  and  foresight  are  not 
measured  from  the  same  point. 

The  method  usually  adopted  is  the  second  one,  where  the  rod  is  always 
held  vertical.  Here,  owing  to  the  oblique  view  of  the  rod,  it  is  evident  that 
the  space  intercepted  by  the  wires  on  the  rod  varies,  not  only  with  the  dis- 
tance, but  also  with  the  angle  of  inclination  of  the  sight.  Hence,  in  order 
to  obtain  the  true  distance  from  station  to  station,  and  also  its  vertical  and 
horizontal  components,  a  correction  must  be  made  for  this  oblique  view  of 
the  rod.    In  Mg.  2  (6), 

AB    =  a  =  reading  on  rod; 

MF  =  d  =  inclined  distance  =  c  +  GF=e  +  k.  CH; 
MP   =  D  —  horizontal  distance  =  dcosn; 
FP    —  Q  =  vertical  distance  =  D  tan  n\ 
n     —  vertical  angle; 
AGB  =  2m. 
It  is  first  required  to  express  d  in  terms  of  o,  n,  and  m. 
From  the  proportionality  existing  between  the  sides  of  a  triangle  and  the 
sines  of  the  opposite  angles, 

AF ^J''[ . 

GF  "  sin  [90°  -|-"(7i  —  w)] ' 

1 


AF  =  GFsanm 

cos  (w 


BF 
*"^  GF 


BF  =  GFsmm 
AF-^  BF 
AF+  BF  =  a,  and  GF  = 


2    tan  m         2    sin  m* 
By  substituting  and  reducing  to  a  common  denominator, 
C-H"  cos  m[cos  (n  +  m)  +  cos  (n  —  wi)] 
~     2  cos(n-f  m)  cos  (n  —  m) 

Reducing  this  according  to  trigonometrical  formulas, 
cos^n  cos^m  —  sin^n  sin^m 


CH- 


cos  n  cos2  m  ' 

MF  =  c  +  k.  CH. 
cos*  n  cos^  m  —  sin^  n  sin-  m 


.-.    d  =  c  -\-  ka 

cos  n  cos2  m 
The  horizontal  distance,  D  =  d  cos  n. 

.'.  D  =  ccosn  +  A:acos«n  — fcasin-ntan^m. 
The  third  member  of  this  equation  may  safely  be  neglected,  as  it  is 
very  small  even  for  long  distances  and  large  angles  of  elevation  (for 
1.500'  71  =  45°  and  k  =  100,  it  is  but  0.07').  Therefore,  the  final  formula  for 
distances  with  a  stadia  rod  held  vertically,  and  with  wires  equidistant  from 
the  center  wire,  is  the  following: 

X>  =  c  cosn  +  afc  cos- n.  (5) 
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The  vertical  distance  Q  is  easily  obtained  from  the  relation:  Q  =  D  tan  n. 
.*.    Q  =  csinn  +  aibcosnsinn; 

or,  Q=^  ctinn  +  ak^~^.  (6)* 

With  the  aid  of  formulas  (5)  and  (6),  the  horizontal  and  vertical  distances 
can  be  immediately  calculated  when  the  reading  from  a  vertical  rod  and 
the  angle  of  elevation  of  any  sight  are  given.  From  these  formulas,  the 
stadia  reduction  tables  following  have  been  calculated.  The  values  of  a  A;  cos*-  n 

and  ai — ^-^  were  separately  calculated  for  each  2  minutes  up  to  30° 

of  elevation;  but,  as  the  value  of  c  sin  ;»  and  c  cos  n  has  quite  an  inappre- 
ciable variation  for  1°,  it  was  thought  sufticient  to  determine  these  values 
only  for  each  degree.  As  c  varies  with  different  instruments,  these  last  two 
expressions  were  calculated  for  three  different  values  of  c,  thus  fumishinGr 
a  ratio  from  which  values  of  c  sin  n  and  c  cos  n  can  be  easily  determined 
for  an  instrument  having  any  constant  (c). 

Similar  tables  have  been  computed  by  J.  A.  Ockerson  and  Jared  Teeple, 
of  the  United  States  Lake  Survey.  Their  use  is,  however,  limited,  from  the 
fact  that  the  meter  is  the  unit  of  horizontal  measurement,  while  the  eleva- 
tions are  in  feet.  The  bulk  of  the  tables  ftirnishes  differences  of  level  for 
stadia  readings  up  to  400  meters,  but  only  up  to  10°  of  elevation.  Supple- 
mentary tables  give  the  elevations  up  to  30°  for  a  distance  of  1  meter.  For 
obtaining  horizontal  distances,  reference  has  to  be  made  to  another  table, 
which  is  somewhat  an  objectionable  feature,  and  a  multiplication  and  a 
subtraction  has  to  be  made  in  order  to  obtain  the  result.  Last,  but  not  least, 
these  tables  are  apparently  only  accurate  when  used  with  an  instrument 
whose  constant  is  .43  meter. 

The  many  advantages  of  stadia  measurements  in  surveying  need  not  be 
dwelt  on  here,  both  because  attention  has  been  repeatedly  called  to  them, 
and  because  they  are  self-evident  to  every  engineer.  Neither  will  it  be 
within  the  comx>ass  of  this  article  to  describe  the  various  forms  of  rods  and 
instruments,  or  the  conventionalities  of  stadia  work. 

It  is  seen  that,  in  the  deduced  formula,  the  factor  by  which  the  reading 
on  the  rod  is  multiplied  is  a  constant  for  each  instrument.  The  question 
now  arises,  Does  this  remain  the  case  with  a  compound  objective? 

In  view  of  the  difficulty  of  demonstrating  this  mathematically,  It  was 
decided  to  make  a  practical  test  of  this  point  with  a  carefully  adjusted 
instrument.  The  readings  were  taken  from  two  targets  set  so  that  the  sight 
should  be  horizontal,  thus  preventing  any  personal  error  or  prmudice  from 
affecting  the  reading.  A  distance  of  500  rt.  was  first  measured  oft'  on  a  level 
stretch  of  ground,  and  each  60-ft.  ix)iht  accurately  located.  From  one  end 
of  this  line,  three  successive  series  of  stadia  readings  were  then  taken  from 
the  first  50-ft.  and  each  succeeding  lOO-ft.  mark.  The  following  table  con- 
tains the  results: 


Spaces  Intercepted  on  the  Rod. 

Distances. 
Feet. 

1st  Series. 

2d  Series. 

3d  Series. 

Mean. 

Feet. 

Feet. 

Feet. 

Feet. 

50 

.485 

.4860 

.4855 

.4855 

100 

.985 

.9870 

.9830 

.9850 

200 

1.985 

1.9860 

.  1.9840 

1.9850 

300 

2.989 

2.9875 

2.9870 

2.9878 

400 

3.983 

3.9800 

3.9890 

3.9840 

500 

4.985 

4.9850 

4.9900 

4.9867 

Multiplying  the  mean  of  these  readings  by  100,  and  subtracting  the  result 
from  the  corresponding  distance,  we  obtain  the  following  table: 


*The  above  demonstration  U  substantially  that  given  bj  Mr.  George  J.  Specht  in  an  article 
oa  Tepographioal  Sarvejing  in  "  Van  No«trand'a  Engineering  Hagarine,"  February,  1880,. 
thon^  enlarged  and  oorieoted.  ^  O 
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Distances. 
Feet. 

Mean  of 

Stadia  Readings 

Times  100. 

Feet. 

DiflTerences. 
Feet. 

Variations 

From  Mean. 

Feet. 

50 
100 
200 
300 
400 
500 

48.55 
96.50 
198.50 
298.78 
398.40 
498.67 

1.46 
1.50 
1.50 
1.22 
1.60 
1.33 

+  .02 
+  .07 
+  .07 

—  .21 
+  .17 

—  .10 

Sum  of  differences  =  8.60;  mean  of  difference  =  lv43. 

The  variations  between  the  numbers  of  the  column  of  differences  are 
slight,  the  maximum  from  a  mean  value  of  1.43  ft.  being  only  .21  ft.  A 
study  of  the  tables  will  show  that  these  variations  have  no  apparent  rela- 
tion to  the  length  of  the  sight,  and  as,  in  the  maximum  case,  the  variation 
corresponds  to  a  reading  on  the  rod  of  onlj  .0021  ft.  (an  amount  much 
within  the  limits  of  accuracy  of  any  ordinary  sight),  we  are  perfectlyjustlfied 
in  concluding  that  these  vaHations  are  accidental,  and  that  the  ••^UJtterence" 
is  a  constant  value. 

We  thus  see  that  with  a  telescope  having  a  compound,  plano-convex 
objective,  the  horizontal  distance  is  equal  to  a  constam  times  tne  reading  on 
the  rod,  plus  a  constant,  and  may,. as  in  other  cases,  be  expressed  by  the 
equation  d  =  ak  +  c. 

A  few  precautions,  necessary  for  accurate  work,  should,  however,  be 
emphasized.  First,  as  regards  the  special  adjustments:  Care  should  be 
taken  that  in  setting  the  stadia  wires*  allowance  be  made  for  the  instru- 
ment constant,  and  that  the  wires  are  so  set  that  the  reading,  at  any  dis- 
tance, is  less  than  the  true  distance  by  the  amount  of  this  constant.f 

For  accurate  stadia  wot.k,  it  is  better  to  take  both  distances  and  elevations 
only  at  alternate  stations,  and  then  to  take  them  from  both  backsk^ht  and 
foresight  in  such  a  manner  that  the  vertical  angle  is  always  readirom  the 
same  position  on  each  rod,  which  should  be  the  average  height  of  the 
telescope  at  the  different  stations. 

Cases  will,  of  course,  occur  where  this  method  will  be  impracticable,  and 
then  the  mode  of  procedure  must  be  left  to  the  judgment  of  the  surveyor.  If 
it  be  desired  to  have  the  absolute  elevation  of  the  ground  under  the  instru- 
ment, the  height  of  telescope  at  each  station  will  have  to  be  measured  by  the 
rod,  and  the  difference  between  this  measurement  and  the  average  height 
used  in  sighting  to  the  rod  either  added  or  subtracted,  as  the  case  maybe. 
This  difference  will  ordinarily  be  so  small  that  in  a  great  deal  of  stadia 
work  no  reduction  will  be  necessary.  In  sighting  to  the  rod  for  the  angle  of 
depression  or  elevation,  the  center  horizontal  wire  must  always  be  used.  By 
this  means  an  exactly  continuous  line  is  measured.  For  theoretical  exact- 
ness it  is  necessary  that  the  rtadia  wires  should  be  equidistant  fh)m  the 
horizontal  center  wire,  for,  if  this  is  not  the  case,  the  distance  read  is  for  an 
angle  of  elevation  differing  from  the  true  one  by  an  amount  proportional  to 
the  displacement  of  the  wires. 

With  reasonable  care  a  high  degree  of  accuracy  can  be  attained  in  stadia 
measurements.  The  common  errors  of  stadia  "reading  are  unlike  the  common 
errors  of  chaining,  the  gross  ones  (such  as  making  a  difference  of  a  whole 
hundred  feet)  being,  in  general,  the  only  important  ones,  and  these  are 
readily  checked  by  double  readings.  To  facilitate  the  subtraction  of  the 
reading  of  one  cross-hair  ftom  that  of  another,  one  should  be  put  upon  an 

•  Tbis  applies  to  an  instrument  with  movable  stadia  vires,  and  not  to  one  with  etched  lines  on 
glass.  In  the  latter  case,  the  gradaation  of  the  rod  is  the  adjustable  portion.  It  has  been 
claimed  as  an  advantage  for  etched  lines  on  glass,  that  they  are  not  affected  bj  variations  of 
temperature,  vhile  the  distance  between  stadia  wires  is.  A  series  of  tests  made  with  one  of 
Heller  k  Brightly's  transits,  to  determine  this  point,  showed  no  appreciable  alteration  in  tbe 
space  between  the  wires,  as  measured  on  a  rod  500  ft.  distant,  with  a  range  of  temperatare 
between  that  produced  in  the  instrument  bj  the  sun  of  a  hot  summer's  day  and  that  produced  by 
enveloping  the  telescope  in  a  bag  of  ice. 

tAs  the  difference  is  evidently  proportional  to  the  length  of  sight,  with  a  1,000'  sight  it  woold 
lount  to  22.5%  etc.  .  .         ^ 
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even  footmark,  and  in  the  check,  reading  the  other  one.  This  is  assuming 
the  measurements  to  be  made  by  the  ordinary  method,  and  not  by  the 
approximate  one  of  the  United  States  Engineers. 


HORIZONTAL  DISTANCES  AND   DIFFKRKNCKS  OP  LKVKL  FOR 
STADIA  MEASUREMENTS. 

The  formulas  used  in  the  computation  of  the  following  tables  were  those 
given  by  Mr.  George  J.  Specht  in  an  article  on  Topographical  Surveying, 
published  in  "  Van  Nostrand's  Engineering  Magazine  "  for  February,  1880. 
These  formulas  Aimish  expressions  for  honzontel  distances  and  differences 
of  level  for  stadia  measurements,  with  the  conditions  that  the  stadia  rod 
be  held  vertical,  and  the  stadia  wires  be  equidistant  from  the  center  wire. 
They  are  as  follows: 
D  =  c  cos  n -takeoff  n; 

Q  =2>tan»-csln«  +  ^*-^; 

D  =  horizontal  distance; 

Q   =  difference  of  level; 

c  =  distance  from  center  of  instrument  to  center  of  object  glass,  plus  focal 

length  of  object  glass; 
k  =  focal  length  of  object  glass  divided  by  distance  of  stadia  wires  apart; 
a  =  reading  on  stadia  rod; 
n  =  vertical  angle; 

a  A:  =  reading  on  rod  multiplied  by  i;,  which  is  a  constant  for  each  instrument 
(generally  100). 
In  the  tables,  the  vertical  columns  consist  of  two  series  of  numbers  for 
each  degree,  which  series  represent,  respectively,  the  different  values  of 

o  k  co#  n  and  - — ^— ^  for  every  2  minutes,  when  o  ik  —  100.    To  obtain  the 

horizontal  distance  or  the  difference  of  level  in  any  case,  the  corresponding 
value  of  c  cos  n  or  c  sin  n  must  ftirther  be  added;  and  the  mean  of  each  of 
these  expressions,  for  each  degree,  with  three  of  the  most  common  values  of 
c,  is  given  under  each  column. 

As  an  example,  let  it  be  required  to  find  the  horizontal  distance  and  the 
difference  of  level  when  n  =  +e°18',  a*  =  670,  and  the  instrument 
constant  c  =  .75.  In  the  column  headed  6°,  opposite  18'  in  the  series  for 
"  Eor.  Dist.,"  we  find' 98.80  as  the  expression  for  ak  cos^n  when  ak  =  100; 
therefore,  when  ak  —  570, 

o*  cofi>n  =  98.80  X  5.70  =  568.16. 

To  this  must  be  added  c  cos  n,  which,  in  this  case,  is  found  in  the  subjoined 
column  to  be  .75. 

In  a  similar  manner,  the  required  difference  of  level  is 
+  10.91  X  5.70  X  .08  =  +62.27. 

One  multiplication  and  one  addition  must  be  made  in  each  case. 

It  is  to  be  noticed  that,  with  the  smaller  angles,  cos  n  in  the  expressions 
c  cos  n  and  c  sin  n  mav  be  entirely  neglected  without  appreciable  error. 

For  values  of  <;,  which  differ  Arom  tnose  given,  an  approximate  correction, 
proportional  to  the  amount  of  difference,  may  very  easily  be  made  in  these 
two  expresBions. 
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ELEMENTS  OF  MECHANICS. 

Only  the  elements  of  machines  are  here  treated,  as  all  machinery,  how- 
Wer  complicated,  is  merely  a  combination  of  the  six  elementary  forms,  viz.: 
ke  teoer,  tlie  whed  and  cuUe,  the  puUey,  the  iruilined  plane,  the  wedge,  and 
She  screw;  and  these  six  can  be  stiti  llirther  reducea  to  the  lever  and  the 
Inclined  plane.  They  are  termed  mechanical  powers,  but  they  do  not 
ftoduce  force;  they  are  only  methods  of  applying  and  directing  it. 
The  laiv  of  all  mechanics  is: 

The  jxnjDer  mtUHjUied  by  the  distance  through' which  it  moves  is  equal  to  the 
weight  n^ttUiplied  by  the  distance  through  which  it  moves. 

Thus,  201b.  of  power  moving  through  5  ft.  -=  1001b.  of  weight  moving 
thron^h  1  ft.  In  the  following  discussion  fdction  is  not  considered,  the 
ideahemg  to  give  ah  elementary  knowledge  of  the  principles  of  the 
elements  of  mechanics. 

l.«v»rs.^There  are  three  classes  of  levers.  They  are:  (1)  power  at  one 
end,  weight  at  the  other,  and  fUlcrum  between;  (2)  power  at  one  end, 
ftilcmm  at  the  other,  and  weight  between;  (3)  weight  at  one  end,  fUlcrum 
«.t  the  other,  and  power  between. 

The  handle  of  a  blacksmith's  bellows  is  a  lever  of  the  first  class.  The 
hand  is  the  power  and  the  bellows  the  weight,  with  the  pivot  between 
as  the  ftilcrum.  A  crowbar  as  used  for  prying  down  top  rock  is  a  lever  of 
the  second  class.  The  hand  is  the  power,  the  rock  to  be  barred  down 
the  weight,  and  the  point  in  the  roof  against  which  the  bar  presses 
is  the  fulcrum.  The  treadle  of  a  grindstone  is  a  lever  of  the  third  class. 
The  foot  is  the  power,  the  hinge  at  the  back  of  the  foot  is  the  fUlcrum, 
Mid.  the  moving  of  the  machinery  is  the  weight. 

A  lever  is  in  equilibrium  when  the  arms  balance  each  other.  The  dis- 
tances through  which  the  power  and  the  weight  move  depend  on  the 
comparative  length  of  the  arms.  Let  L  represent  power's  distance  from 
live  fhlcrum  {C),  I  the  weight's  distance,  and  a  the  distance  between  power 
and  weight;  then,  if  Z.  is  twice  I,  the  power  will  move  twice  as  far  as  the 
weight.    Substituting  these  terms  in  the  law  of  mechanics,  we  have 

P:W'.:l:L.    PL  =  Wl 

^  -    L'     .    ^  ^  ~l  ' 
,         Pa         ,         Wa 


W^P'  W+F 


P:W::l  :  L.    PL  =  Wl. 

J.  Wa         ,         Pa 

■L   =    -==^ =.  *    =  -: 


W-P'  W-P' 


P  :W::l  :  L.    PL  =  Wl. 
L  =  J?^.       I  =     ^« 


P—W       '  ~  p-W' 

In  first-  and  second-class  levers,  as  ordinarily  used,  we  gain  power  and 
lose  time;  in  the  third  class,  we  lose  power  and  gain  time. 

Example.— Having  a  weight  of  2,000  lb.  to  lift  with  a  lever,  the  short  end 
of  which  is  2  ft.  firom  the  fulcrum  and  the  long  end  10  ft.,  how  much  power 
will  bere(|uired? 

L  :l  ::  IT  :  P,  orlO  :.2  : :  2,000  :  4001br^^^T^ 

Digitized  by  VjOOy  It: 


92 


ELEMENTS  OF  MECHANICS, 


The  eompoand  Itvtr,  Fig.  1,  consists  of  several  levers  so  constmcted  tl 
the  short  arm  of  the  first  acts  on  the  long  arm  of  the  second,  and  so  on 
the  last. 

If  the  distance  from  A  to  the  ftilcrum  be  four  times  the  distance  fW>m  d 
^  fulcrum  to  B,  then  a  power 

g  I>^«  <I A        6  lb.  at  A  will  lift  20  lb.   at 

If  the  arms  of  the  second  lev 
are  of  the  same  comparatll 
length,  the20-lb.  power  obtainl 
at  B  will  exert  a  pressure  of  I 
lb.  on  E\  and  if  the  third  le\i 
has  the  same  comparati 
at  Q.  Thus,  a  power  of  5  lb. 
But,  in  order  to  raise  the  weigti 


The  ordinary] 


lengths,  this  80  lb.  at  E  will  lift  320  lb. 

A  will  balance  a  weight  of  2Qa\h.eX0.    _     . 

1  ft.,  the  power  must  pass  through  »p,  or  04  ft. 

The  wheel  end  txle,  Fig.  2,  is  a  modification  of  the  lever, 
windlass  is  a  common  form.  The  power  is  applied  to  the 
handle,  the  bucket  is  the  weight,  and  the  axis  of  the 
windlass  is  the  fulcrum.  The  long  arm  of  the  lever  is 
the  handle,  and  the  short  arm  is  the  radius  of  the  axle. 
Thus,  F  is  the  fulcrum,  Fc  the  long  arm,  and  Fh  the 
short  arm.  The  wheel  and  axle  has  the  advantage  that 
it  is  a  kind  of  perpetual  lever.  We  are  not  obliged  to 
prop  up  the  weight  and  readjust  the  lever,  but  both 
arms  work  continuously. 

By  turning  the  handle  or  wheel  around  once,  the 
rope  will  be  wound  once  around  the  axle,  and  the 
weight  will  be  lifted  that  distance.  Applying  the  law  of 
mechanics,  we  have  power  x  the  circumference  of  the 
wheel  =  the  weight  X  circumference  of  the  axle;  or, 
as  the  circumference  of  circles  are  proportional  to  their  radii,  we  have 

P'.W  : 


Fia.  2. 


\\r  :  R.    PR  =  Wr, 
J,       Wr  Wr 

„^       RP  RP 

r  W 

A  train,  Fie.  3,  consists  of  a  series  of 
wheels  and  axles  that  act  on  one  another 
on  the  principle  of  a  compound  lever. 
The  driver  is  tne  wheel  t»  which  power 
is  applied.  The  driven,  or  follower,  is 
the  one  that  receives  motion  from  the 
driver.  The  pinion  is  the  small  gear- 
^J^  wheel  on  the  axle. 

f     1  If  the  diameter  of  the  wheel  A  is  16 

I  ^  \  T?T«  1  ii^M  and  of  the  pinion  B  4  in.,  a  pull  of 

L- 1  ^^^'  ^'  1  lb.  applied  at  Pwill  exert  a  force  of 

4  lb.  on  the  wheel  C;  if  the  diameter 
of  C  is  6  in.,  and  of  /)  3  in.,  a  force  of  4  lb.  on  C  will  exert  a  force  of  8  lb.  on 
E.  If  E  is  16  in.  in  diameter,  and  F  4  in.,  a  force  of  8  lb.  on  E  will  raise  a 
weight  of  32  lb.  on  F.  In  order,  however,  to  lift  this  amount,  according  to 
the  principle  already  named,  the  weight  will  only  pass  through  ^  of  the 
distance  or  the  power.  Thus,  power  is  gained  and  speed  lost.  To  reverse 
this,  we  apply  power  to  the  axle,  and,  with  a  correspondingly  heavy 
power,  gain  speed.  Referring  to  Fig.  4,  applying  the 
law  of  mechanics, 


P  = 


Wr  r'r" 
RR'R"' 
n  :  n" 


;  r'r'* 
.  rr'r"  ; 


n,  n',  n"  =  number  of  revolutions; 

V,  v'  =  velocity  or  speed  of  rotation; 
r,  r',  r",  etc.  =  radii  of  the  piniqns; 

i.  R'.  R".  oto   =  TflYlii  of  thp  whAPlR 


R,  R',  R",  etc.  =  radii  of  the  wheels.  Digitized  by  CnOOgleFia.  4. 
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Hit  Inollned  Plans.— In  Fig.  5  we  see  that  the  power  must  descend  a  dis- 
ice  equal  to  ^  C  in  order  to  elevate  the  weight  to  the  height  B  C;  hence, 
have  J*  X  length  of  the  inclined  plane  =  }y  X  the  height  of  the  inclined 
Jplane,  or  P  :  W::  height  of  inclined  plane : length  of  inclined  plane;  or, 

^  "     I       *^  ~  h    ~  ana 

To  Find   the  Weight  Reqslred  to  Btlanoe  Any  Weight  on  Any  Inclined  Plane. 
I  Multiply  the  given  weight  by  the  sine  of  the  angle 
'of  inclination. 

Thos,  to  find  the  weight  required  to  balance  a 
loaded  <;ar  -weighing  2,000  lb.  on  a  plane  pitching 
18°.  we  multiply  2,0(X)  by  the  sine  of  18°,  or  2,000  X 
.3090170  =  618.034  lb. 

Or,  if  tbe  length  of  the  plane  and  the  vertical 
height  are  given,  multiply  the  load  by  the  quotient 
ofthe  vertical  height  divided  by  the  length.  yiq  5 

Thus,  if  a  plane  between  two  levels  is  300  ft. 
long  and  rises  92.7  ft,,  and  the  load  is  2,000  lb.,  the  balancing  weight  is 
found  as  follows: 

02  7 
2,000  X  ^  »  618+. 

Case  1.— To  find  the  horsepower  reauired  to  hoist  a  given  load  up  an 
inclined  plane  in  a  given  time,  use  the  formula 

r  -,       (vertical  height       ) 

Load  (in  lb.)  +  weight  of  hoisting  rope  (in  lb.)    X  -<  through  which  the  V 

V J       ( load  is  raised  (in  ft. )  J  ^ 

33.000  X  time  of  hoisting  (in  minutes) 
Example.— Find  the  horsepower  required  to  raise,  in  3  minutes,  a  car 
weighing  1  ton  and  containing  1  ton  of  material  up  an  inclined  plane  1,000 
ft.  long  and  pitching  30°  if  the  rope  weighs  1,500  lb. 

The  total  load  equals  car  +  contents  +  rope  =*  2,000  +  2,000  +  1,500  = 
5,500  lb. 

The  vertical  height  through  which  the  load  is  hoisted  equals 
1,000  X  sin  30°  =  1,000  X  .5  =  500  ft. 
.  _  5.500  X  500  _ 

"^'^-~  -33:000^3"  -  ^•^• 
Case  2.— When  the  power  acts  parallel  to  the  base,  use  the  formula 

W  X  height  of  inclined  plane  =  P  X  length  of  base. 
These  rules  are  theoretically  correct,  but  in  practice  an  allowance  of 
about  30^  must  be  made  for  friction  and  contingencies. 

The  aorew  consists  of  an  inclined  plane  wound  around  a  cylinder.  The 
inclined  plane  forms  the  thread,  and  the  cylinder,  the  body.  It  works  in  a 
nut  that  IS  fitted  with  reverse  threads"  to  move  on  the  thread  of  the  screw. 
The  nut  may  run  on  the  screw,  or  the  screw  in  the  nut.  The  power  may  be 
applied  to  either,  as  desired,  by  means  of  a  wrench  or  a  lever. 

When  the  power  is  applied  at  the  end  of  a  lever,  it  describes  a  circle  of 
which  the  lever  is  the  radius  r.  The  distance  through  which  the  power  passes 
is  the  cii'cumference  of  the  circle;  and  the  height  to  which  the  weight  is 
lifted  at  each  revolution  of  the  screw  is  the  distance  between  two  of  the 
threads,  called  the  pitch  (p).  Therefore  we  have  P  X  circumference  of 
circle  =  IT  X  pitch,  or  P  :  W::p:2wr. 

2irrp 
The  power  of  the  screw  may  be  increased  by  lengthening  the  lever 
or  by   diminishing    the  distance  between   the 

J  threads. 

A  Example.— How  great  a  weight  can  be  raised 

T  by  a  force  of  40  lb.  applied  at  the  end  of  a  wrench 

I  14  in.  long,  uang  a  screw  with  5  threads  per  inch  ? 

— IP 


IFX  *  =  40  X_28  X  3.1416. 


_, -F  TT  =  17,598  lb. 

L-jr^"^ -.J^  The  wedge  usually  consists  of  two  inclined 

«^      I IE planes  placed  back  to  back.    (Fig.  6.)    In  theory, 

TP__  «  the  same  formula  applies  to  the  wedge  as  to  the 

'^^^'  **•  inclined  plane.  Case  2. 

P  :  >r ::  thickness  of  wedge  :  length  of  wedge. 
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Friction,  in  the  other  mechanical  powers,  materially  diminishes  thei 
efficiency;  in  this  it  is  essential,  since,  without  it,  after  each  blow  the  wedgi 
would  fly  back  and  the  whole  effect  be  lost.  Again,  in  the  others  the  powe 
is  applied  as  a  steady  force;  in  this  it  is  a  sudden  blow,  and  is  equal  to  thi 
momentum  of  the  hammer. 

The  pal  ley  is  simply  another  form  of  the  lever  that  turns  about  a  fixed 
axis  or  ftilcrum.  With  a  single  fixed -pulle; 
shown  in  Fig.  7,  there  can  be  no  gain  of  jjowa 
or  speed,  as  the  force  P  must  pull  down  as  mucb 
as  the  weight  W,  and  both  move  with  the  same 
velocity.  It  is  simply  a  lever  of  the  first  clasE 
with  equal  arms,  and  is  used  to  change  the 
direction  of  the  force. 

V  =  velocity  of  W,  t/  =  velocity  of  P. 
>  =  }F.  V  =  1/. 
Movable  Pulley.— A  form  of  the  single  pulley, 
where  it  moves  with  the  weight,  is  shown  in 
Fig.  8.  In  this,  one  half  of  the  weight  is  sus- 
tained by  the  hook,  and  the  other  half  by  the 
power.  Since  the  power  is  only  one-half  the 
weight,  it  must  move  through  twice  the  space;  in  other  words,  by  taking 
twice  the  time,  we  can  lift  twice  as  much.  Here  power  is  gained  and  time 
lost.  P=  i  TT.    t/=  2t;. 

Comblnttlons  of  Pulleys.— (1)  In  Fig.  9,  we  have  the  TT sustained  by  three 
cords,  each  of  which  is  stretched  by  a  tension  equal  to  the  P,  hence.  1  lb.  of 
power  will  balance  3  lb.  of  weight.     (2)  In  Fig.  10,  a  power  of  1  lb.  will  in  the 


Fig.  7; 


Fig.  8. 


8  4  21 


Fig.  10. 


Fig.  U. 


Fig.  12. 


same  manner  sustain  a  IT  of  41b.,  and  must  descend  4  in.  to  raise  the  W 
1  in.  (3)  Fig.  11  represents  the  ordinary  tackle  block  used  by  mechanics, 
which  can  be  calculated  by  the  following  general  rule: 

Rule.— /n  any  combination  of  pulleys  where  one  continuous  rope  is  used,  a 
load  on  the  free  end  will  balance  a  weight  on  the  movable  block  as  many  times  a$ 
great  as  the  load  on  the  free  end  as  there  are  parts  of  the  rope  support- 
ing the  load,  not  counting  the  free  end. 

(4)  In  the  cord  marked  1, 1,  Fig.  12,  each  part  has  a  tension 
equal  to  P;  and  in  the  cord  marked  2, 2,  each  part  has  a  tension 
equal  to  «  P,  and  so  on  with  the  other  cords.  The  sum  of  the 
tensions  acting  on  Wis  16;  hence,  TT  =  16  P.  If  n  =  number  of 
pulleys, 

p  =  -  "1-.    w=  2r  P. 


Differential  Pulley.-Fig.  13.      W  -- 


2-^.  n  T 

^  —  J.     Digitized  by  VnOOQlC 


Fig.  13. 


FRICTION  AND  LUBRICATION, 


95 


In  all  combinations  of  pulleys,  nearly  one-half  the  effective  force  is  lost 
by  friction. 

Composition  of  Forces.— When  two  forces  act  on  a  body  at  different  angles, 
their  result  may  be  obtained  by  the  following  rule: 

Rule. — Through  a  point  draw  two  lines  parallel  to  the  directions  qf  the  lines  qf 
tcUon  qf  the  two  forces.  With  any  convenient  scale,  measure  off,  Jrom  the  point 
^intersection,  distances  corresponding  to  the  magnitudes  qf  the  respective  Jorces, 
md  complete  the  paraUdogram.  From  the  common  point  qf  application^  draw  the 
diagonal  c^  the  paraUdogram;  this  diaaonal  vrill  be  the  resvUant,  and  its  magni- 
tude can  be  measured  vfith  the  same  sccue  that  was  used  to  measure  the  two  forces. 
When  more  than  two  forces  ad  on  a  body  simuUaneouslyt  find  the  resutwrnt  qf 
my  two  of  them  cm  above;  then,  by  the  same  mdhod,  combine  this  resultant  with  a 
tiurd/orce,  and  this  resuUant  with  the  fourth  force,  and  so  on. 


FRICTION  AND  LUBRICATION. 

FrlctioB.— Friction  is  the  resistance  to  motion  due  to  the  contact  of 
mrfftces.  It  is  of  two  kinds,  sliding  and  rolling.  If  the  surface,  of  a  body 
coold  be  made  i>erfectly  smooth,  there  would  be  no  friction;  but,  in  spite  of 
the  most  exact  polish,  the  microscope  reveals  minute  projections  and  cavities. 
)Ve  fill  these  with  oil  or  grease,  and  thus  diminish  fHction.  Since  no  surface 
can  be  made  perfectly  smooth,  some  separation  of  the  two  bodies  must,  in  all 
cases,  take  place  in  order  to  clear  such  projections  as  exist  on  the  surfaces. 
Therefore,  friction  is  always  more  or  less  affected  by  the  cunount  of  the 
perpendicular  pressure  that  tends  to  keep  them  together. 

The  ultimate  friction  is  the  greatest  frictional  resistance  that  one  body 
sliding  over  another  is  capable  of  opposing  to  any  sliding  force  when  at  rest. 

The  coefficient  qf  friction  is  the  proportion  that  the  ultimate  friction  in  a 
given  case  bears  to  the  perpendicular  pressure.  The  coefficient  of  friction  is 
usually  expressed  in  decimals;  but  sometimes,  as  in  the  case  of  cars  and 
ennnes,  it  is  expressed  in  pounds  (of  friction)  per  ton. 

The  coefficient  of  friction  equals  the  ultimate  friction  divided  by  the 
perpendicular  pressure,  and  the  ultimate  friction  equals  the  perpendicular 
pressure  multiplied  by  the  coefficient  of  fiiction.  Thus,  if  we  have  a  block 
weighing  100  lb.  standing  on  another  block,  and  it  takes  35  lb.  pressure  to 
slide  it,  the  coefficient  of  friction  =  ^,  or  .35. 

Table  op  Coefficients  of  Friction. 


Materials. 

Smooth,  Clean, 

and  Dry  Plane 

Surfaces. 

Smooth  Plane  Sur- 
faces, Perfectly 
Lubricated  With 
Tallow. 

Oak  on  oak 

Wrought  iron  on  oak 

Wrought  iron  on  cast  iron 

Wrought  iron  on  wrought  iron 

Wrought  iron  on  brass 

Cast  iron  on  cast  iron 

Cast  iron  on  brass 

.40 

.62 
.19 
.       .14 
.17 
.   -15     ' 
.15 
.20 
.14 
.15 
.22 
.16 
.20 

.079 
.085 
.103 
.082 
.103 
.100 
.103 

Steel  on  cast  iron  

.105 

Steel  on  steel  

Steel  on  brass  

.056 

Braffl  on  cast  iron                  .... 

.086 

Brass  on  wrought  iron 

Brasson  brass 

Oak  on  cast  iron 

Oak  on  wrouirht  iron 

.081 

.080 
.098 

Cast  iron  on  oak 

Steel  on  wrought  iron 

.078 
.093 

The  above  coefficients  are  only  approximate,  for  the  coefficient  will  vary 
with  the  faitensity  of  the  pressure  and  the  velocity,  and  also  with  the  condl- 
tioDs  of  the  atmosphere,    feut  they  are  correct  enough  for  practical  purposes. 
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The  friction  of  liquids  moving  in  contact  with  solid  bodies  is  independent 
of  the  pressure,  because  the  forcing  of  the  particles  of  the  fluid  over  the  pro- 
jections on  the  surface  of  the  solid  body  is  aided  by  the  pressure  of  the 
surrounding  particles  of  the  liquid,  which  tend  to  occupy  the  places  of  those 
forced  over.  Therefore,  the  coefficients  of  friction  of  liquids  over  solids  do 
not  correspond  with  those  of  solids  over  solids.  The  resistance  is  directly  as 
the  area  oi  surface  or  contact. 


Coefficients  of  Friction  in  Axles 

Axle. 

Bearing. 

Ordinary 
Lubrication. 

Lubricated 
Continuously. 

Bell  metal 

Bell  metal  

.097 

.07 

.07 

.07 

.07 

.10 

.12 

Cast  iron  

Bell  metal  

.049 

Wrought  iron 

Wrought  iron 

Cast  iron    

Bell  metal   

.05 

Cast  iron  

.05 

Cast  iron  

.05 

Cast  iron    

Lignum  vitae 

Lignum  vitae 

Wrought  iron  ...•••■ 

Friction  naturally  varies  with  the  character  of  the  surfaces,  lubrication, 
and  the  nature  of  the  lubricant.  The  best  lubricants  for  the  purposes 
should  always  be  used,  and  the  supply  should  be  xegular.  When  machinery 
is  well  lubricated,  the  lubricant  keeps  the  surfaces  apart,  and  the  frictional 
resistance  becomes  very  small,  or  about  the  same  as  the  friction  of  liquida 

FriotiontI  Resistance  of  Shtfting.— 
Let  K  =  coefficient  of  friction; 

W  =  work  absorbed  in  foot-pounds; 

P  =  weight  of  shafting  and  pulleys  +  the  resultant  stress  of  belts; 
H  =  horsepower  absorbed; 
D  =  diameter  of  journal  in  inches; 
R  =  number  of  revolutions  per  minute. 
Then, 

Ordinary  Oiling.  Continuous  Oiling. 

W  =  .0182  XPXB;  .0112  X  PX  D\ 

^=  .000000556  XPXDX-R;  .000000339  X  P X  D  X  i2; 

K  =  .06iS.  .044. 

As  a  rough  approximation,  100  ft.  of  shafting,  3  in.  diameter,  making 
120  revolutions  per  minute,  requires  1  horsepower. 

For  friction  of  air  in  mines,  see  "Coefficient  of  Friction,"  under  Venti- 
lation. 

Friction  of  Mine  Cere.— The  friction  of  mine  cars  varies  so  much  that  it  is 
impossible  to  give  a  formula  for  calculating  it  in  every  case.  No  two  mine 
cars  will  show  the  same  frictional  resistance,  when  tested  with  a  dynamome- 
ter, and,  therefore,  nothing  but  an  average  friction  can  be  dealt  with.  The 
construction  of  the  car,  the  condition  of  the  track,  and  the  lubrication  are 
important  factors  in  determining  the  amount  of  friction. 

In  this  connection,  we  may,  however,  state  some  of  the  requisites  of  ^ood 
oil  box  and  journal  bearings.  Tightness  is  a  prerequisite,  ana,  in  dry  mineis 
where  the  aust  is  very  penetrating,  this  is  especially  important;  the  bear- 
ings should  be  sufficiently  broad;  the  oil  box  large  enough  to  hold  sufficient 
oilto  run  a  month  without  renewal,  and  so  constructed  that,  while  it  may 
be  quickly  and  easily  opened,  it  will  not  open  by  jarring  or  by  being  acci- 
dentally struck  by  a  sprag  or  a  lump  of  coal. 

There  are  a  number  of  patented  self-oiling  wheels  that  are  improvements 
on  the  old-style  plain  wlieels,  and  each  of  these  has  undoubtedly  some 
point  of  superiority  over  the  old  style. 

Among  the  most  extensively  used  of  these  patented  wheels  are  those  with 
annular  oil  chambers,  and  those  with  patent  bushings.  Their  sux>eriority 
consists  in  the  fact  that,  if  properly  attended  to,  a  well-lubricated  bearing  is 
secured  with  greater  regularity  and  less  work  than  when  the  oldnstyle  wheel 
was  used. 

With  a  view  of  adopting  a  standard  wheel,  the  Susquehanna  Coal  Co., 
of  Wilkesbarre,  Pa.,  experimented  for  a  number  of  years  with  different 
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«tjle8  of  self-lubricating  wheels,  and  as  a  result  of  the  experiments  it  adopted 
a  wheel  patented  by  its  chief  engineer,  Mr.  Jas.  H.  Bowden. 

Mr.  R.  Van  A.  Norris,  E.  M.,  Assistant  Engineer,  made  a  series  of  089  tests 
with  old-style  wheels,  some  of  which  had  patent  removable  bushinss,  and 
others  annular  oil  chambers,  and  the  Bowden  wheel.  The  old  wheels  were 
found  to  be  practically  alike  in  regard  to  friction.  All  the  wheels  were  of 
the  loose  outside  type,  16  in.  in  diameter,  mounted  on  2|  in.  steel  axles, 
^lath  journals  5i  in.  long.  The  axles  passed  loosely  through  solid  cast 
boxes,  bolted  to  the  bottom  sills  of  the  cars,  and  were  not  expected  to 
revolve. 

Tlie  table  of  friction  tests  shows  the  results  obtained  with  both  old-  and 
new-style  wheels,  and  is  of  Interest  to  all  colliery  managers,  inasmuch  as 
the  fig:ures  given  for  the  old-style  wheels  alone  are  the  most  complete  in 
existence,  and,  as  stated  befbre,  they  are  good  averages. 

Tests  were  made  on  the  starting  and  running  friction  of  each  style  of 
wheel,  under  the  conditions  of  empty  and  loaded  cars,  level  and  grade 
track,  curves,  and  tangents.  The  instruments  used  were  a  Pennsylvania 
Railroad  spring  dynamometer,  graduated  to  3,000  lb.,  with  a  sliding  recorder, 
a  hydraulic  gauee  (not  recording)  reading  to  10,000  lb.,  mduatea  to  25  lb., 
and  a  spring  balance,  capacity  300  lb.,  graduated  to  3  lb.  All  these  were 
tested  and  found  correct  previous  to  the  experiments. 

Most  of  the  observations  on  single  cars  were  made  with  the  dOO-lb. 
balance.  The  two  types  of  "  old-style^'  wheels  have  been  classed  together  in 
the  table.  Each  car  was  carefUIly  oiled  before  testing,  and  several  of  each 
type  were  used,  the  results  being  averages  from  the  number  of  trials  shown 
in  the  table. 

In  the  experiments  on  the  slow  start  and  motion,  the  cars  were  started 
very  slowly  by  a  block  and  tackle,  and  the  reading  was  taken  at  the  moment 
of  starting.  They  were  then  kept  just  moving  along  the  track  for  a 
considerable  distance,  and  the  average  tractive  force  was  noted,  the  whole 
constituting  one  experiment. 

The  track  selected  for  these  experiments  was  a  perfectly  straight  and 
level  piece  of  42  in.  gauge,  about  200  ft.  long,  in  rather  better  condition  than 
the  average  mine  track.  The  cars  were  41|  in.  gauge,  3^  ft.  wheel  base,  10  ft. 
long,  capacity  about  85  cu.  ft.,  with  6-in.  topping. 

To  ascertain  the  tractive  force  required  at  higher  speeds,  trips  of  one,  four, 
and  twenty  cars,  both  empty  and  leaded,  were  attached  to  a  mine  locomotive 
and  run  about  a  mile  for  each  test,  the  resistance  at  various  points  on  the 
track,  where  its  curve  and  grade  were  known,  being  noted,  care  also  being 
taken  to  run  at  a  constant  speed.  Unfortunately,  only  four  of  the  "new- 
style"  cars  were  available  on  the  tracks  where  these  trials  were  made. 

The  remarkably  low  results  for  the  twenty-car  trips  are  attributed  to 
variations  in  the  condition  of  the  track,  and  the  fact  that  the  whole  train 
was  seldom  pulling  directly  on  the  locomotive,  the  cars  moving  by  jerks,  so 
that  correct  observations  were  impracticable.  The  hydraulic  range  was  used 
for  these  twenty-car  tests,  and  the  needle  showed  viSrations  from  1  to  4  tons 
and  back.  The  mean  was  taken  as  nearly  as  possible.  The  gauge  was 
rather  too  quickly  sensitive  for  the  work,  and  the  Pennsylvania  Railroad 
dynamometer  was  not  strong  enough  to  stand  the  starting  jerks  and  the 
strain  of  accelerating  speed. 

The  tests  marked  "  rope  haul "  were  made  on  an  empty-car  haulage 
system,  about  500  ft.  long,  with  overhead  endless  rope  running  continuously 
at  a  speed  of  180  ft.  per  min.,  the  cars  being  attached  to  the  moving  rope  by 
a  chain,  a  ring  at  the  end  of  which  was  slipped  over  a  pin  on  the  side  of  the 
car.  The  increase  of  friction  on  the  heavier  grades  was  due  to  the  rope 
pulling  at  a  greater  angle  across  the  car.  Correction  was  not  made  for  this 
angularity  at  the  time,  and  the  rope  has  since  been  rearranged,  so  that  the 
correction  cannot  now  be  made.  There  were  not  enough  curve  experi- 
ments to  permit  the  deduction  of  any  general  formula  for  the  resistance 
of  these  cars  on  curves. 

The  experiments  on  grade  agree  fairly  well  with  those  on  a  level,  the 
rather  higher  vfdues  obtained  being  probably  due  more  to  the  greater  effort 
required  in  moving  them,  and  the  consequent  jerkiness  of  the  motion,  than 
to  any  real  increase  in  resistance.  As  the  experiments  on  all  styles  of 
wheels  were  made  in  an  exactly  similar  manner,  the  comparative  value 
of  the  results  is  believed  to  be  nearly  correct,  the  probable  error  in  each  set  of 
experiments,  as  computed  by  the  method  of  least  squares,  varying  from  about 
^for  slow  st»rt  »nd  motion  to  12^  for  the  rapid  motion  and  twenty-car  trips. 
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100  ELEMENTS  OF  MECHANICS. 

Lubrication.— There  is  probably  no  factor  that  has  a  more  direct  bearing 
on  the  cost  of  production  per  ton  of -coal  and  ores  than  the  lubrication  of 
mine  machinery,  and  yet  it  is  doubtful  if  there  is  another  item  connected 
with  the  operation  of  a  mine  less  understood  by  owners,  their  managers,  and 
engineers  m  charge. 

Steam  plants  are  equipped  with  boilers  of  the  highest  known  efficiency; 
heaters  are  used  that,  Djr  utiliane  waste  steam,  will  neat  the  feed  water  for 
boilers  to  the  highest  point.  Modem  engines  that  will  develop  a  borsepower 
with  the  least  amount  of  steam  are  installed;  bends,  instead  of  elbows,  are 
placed  in  steam  and  exhaust  pipes,  so  that  the  faction  and  back  pressure 
may  be  reduced  to  a  minimum.  In  a  word,  everything  is  done  in  tbe  equip- 
ment of  a  plant  to  secure  economy  in  its  operation.  After  all  tbls  is  done, 
frequently  a  long  step  is  taken  in  the  opposite  direction  by  the  use  of  an  oil 
unsuited  to  the  existing  conditions,  and  those  in  charge  of  the  plant  are  led 
to  believe  that  the  lubrication  is  all  that  could  be  desired,  simply  because 
the  engines  and  machinery  run  quietly  and  the  temperature  of  tne  bearinss 
does  not  become  alarmingly  high.  The  office  of  a  lubricant  is  not  merely  to 
secure  this  result,  but,  primarily,  to  reduce  fWction  and  wear  to  a  minimum: 
and  an  oil  that  will  do  this  is  the  best  oil  to  use,  no  matter  what  the  price 
per  gallon  may  be. 

Few  realize  the  great  loss  in  jjower  due  to  the  ftiction  of  wearing  parts. 
One  of  the  greatest  living  authorities  on  lubrication  writes: 

"  It  may  probably  be  fairly  estimated  that  one-half  the  power  expended 
in  the  average  case,  whether  in  mill,  mine,  or  workshop,  is  wasted  on  lost 
work,  being  consumed  in  overcoming  the  fWction  of  lubricated  surfaces. " 

He  adds  that  a  reduction  of  50^  in  the  work  lost  by  filction  has  often  been 
secured  by  a  change  of  lubricants. 

As  one  of  many  instances  showing  the  loss  that  will  occur  by  the  use  of 
inferior  lubricants,  attention  is  called  to  two  flour  mills  located  in  one  of  the 
Middle  States.  One  of  the  plants  was  equipped  with  a  condensing  engine 
capable  of  developing  a  horsepower  on  24  lb.  of  water  per  hour;  ^e  other 
plant  had  a  simple  engine,  taking  30  lb.  of  water  per  hour.  The  plant  con- 
taining the  condensing  engine  was  purchased  by  the  owner  of  the  plant 
containing  the  simple  engine.  The  new  owner  of  the  plant  was  surprised  to 
learn  that  the  cost  of  operation  per  barrel  of  flour  manufactured  was  equally 
as  great  in  the  new  plant  as  in  the  old  one.  The  engines  were  indicated!, 
and  valves  found  to  be  properly  adjusted  and  the  engine  working  within 
the  economical  range,  so  far  as  load  was  concerned.  The  loss  was  then 
attributed  to  the  boners,  but  an  evaporative  test  proved  that  there  was  no 
practical  difference  here,  as  the  boilers,  in  both  instances,  were  evaporating 
a  fraction  over  8  lb.  of  water  per  pound  of  coal.  At  this  point,  the  question 
of  lubrication  was  taken  up,  and,  on  the  advice  of  an  expert  sent  by  a 
prominent  manufacturer  of  lubricants  to  look  over  the  plant,  an  entire 
change  was  made  in  the  lubricants  used,  and,  as  a  result,  a  money  saving  of 
over  32.25  per  day  (practically  $700  per  annum— this  in  a  plant  of  lessthaa 
250  horsepower)  was  effected,  notwithstanding  the  fact  that  the  new  lubri- 
cants used  cost  considerably  more  per  gallon  than  those  formerly  used. 
This  simply  indicates  that  the  i>rice  of  an  oil  is  of  little  importance  in 
comparison  with  its  fdction-reducing  power.  Friction  costs  money,  because 
it  means  greater  cost  of  operation  per  unit  of  output. 

Among  the  expenses  cnargeable  to  waste  power,  due  to  inferior  lubrica- 
tion, may  be  included:  (1)  The  cost  of  power  produced  in  excess  of  that 
really  required  to  operate  the  mine  per  ton  of  output.  In  this  calculation 
should  be  included  the  proper  proportion  of  salaries  of  engineers,  juid  all 
other  items  that  contribute  to  the  cost  of  the  motive  department,  as  well  as 
the  cost  of  mining  the  fuel  consumed  in  producing  this  excess  power. 
(2)  Wear  and  tear  of  machinery,  which  is  constantly  doing  more  work  per 
ton  of  coal  mined  than  should  be  required  of  it. 

There  is  also  an  element  of  danger  that  ought  to  receive  serious  consid- 
eration, as,  while  it  is  tnie  that  c^'linder  and  bearing  lubricants  of  indifferent 
merit  will,  under  ordinary  conditions,  keep  the  cylinders  fh)m  groaning  and 
the  bearings  fh)m  becoming  hot,  experiments  have  proved  that,  in  accom- 
plishing such  results,  the  oils  in  use  were  being  taxed  to  their  utmost;  and 
there  is  record  of  many  instances  where,  as  a  result  of  using  oils  of  sach 
limited  endurance,  accidents  of  a  serious  nature  have  occurred,  necessarily 
causing  shut-downs  just  at  the  time  when  the  operation  of  a  plant  to  its 
fullest  capacity  was  imperative. 

It  is  most  difficult,  in  an  article  of  this  character,  to  do  much  more  than 
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point  oat  tbe  daneer  due  to  the  use  of  inferior  lubricants,  leaving  it  to  the 
purchaser  liimself  to  determine  as  to  the  intrinsic  worth  of  the  lubricants 
otTered  to  liim.  In  making  his  selection  he  would  do  well  to  consult  with 
and  heed  Uie  advice  of  some  highly  responsible  manufacturer  of  lubricants 
who  has  arisen  to  the  question,  in  all  its  phases,  the  most  careftil  study,  and 
who  woala  most  probably  have  the  benefit  of  a  wide  experience  in  the  applica- 
tion as  -well  as  the  manu&cture  of  lubricants.  Some  buyers  have,  to  their 
ultimate  regret,  adopted,  as  a  method  of  determinine  the  merits  of  lubri- 
cants, a  schedule  of  laboratory  tests.  Such  a  method  is  not  only  useless,  but 
it  is  misleading  to  any  one  other  than  a  manufacturer  of  lubricants,  who 
makes  use  of  it  merely  as  a  means  of  insuring  uniformity  in  his  manu- 
factured products,  and  not  as  a  measure  whereoy  to  judge  their  practical 
value.  Indeed,  many  oils  can  be  very  properly  described  by  practically  the 
same  schedule  of  tests,  and  yet  are  widely  apart  when  their  utility  for  a 
given  service  is  considered. 

As  a  general  guide  in  purchasing  cylinder  dil  for  mine  lubrication,  it 
might  he  said  that  a  dark-colored  oil  is  of  greater  value,  as  a  rule,  than  one 
that  has  been  filtered  to  a  red  or  light  amber  color,  as  the  process  of  filtration 
necessarilv  takes  from  the  oil  a  considerable  percentage  of  its  lubricating 
value,  and  at  the  same  time  the  process  is  an  expensive  one.  In  short,  if  a 
light-colored  oil  is  insisted  upon,  a  high  price  must  be  paid  for  an  inferior 
Ittoricant.  As  a  word  of  caution,  however,  it  would  be  well  to  add  right 
here  that  iiTesponsibl&  manufacturers  frequently  take  advantage  of  the  fact 
that  the  most  efficient  and  best  known  cylinder  oils  are  dark-colored,  and 
endeavor,  viith  more  or  less  success,  to  market  as  "  cylinder  oil "  products 
absolutely  unsuited  to  the  lubrication  of  steam  cylinders,  and  that  would 
consequently  be  expensive  could  they  be  procured  without  cost. 

For  the  lubricanon  of  engine  bearings,  where  modern  appliances  for 
feeding  are  used,  an  engine  oil  of  a  free  runiring  nature  is  best,  as  it  more 
quickly  reaches  the  parts  requiring  lubrication  than  an  oil  of  a  more  sluggish 
nature.  It,  of  course,  must  not  be  an  oil  susceptible  to  temperature  changes, 
but  must  be  capable  of  performing  the  service  required  of  it  under  the  most 
severe  conditions,  where  an  oil  ofless  "  backbone  "  would  fail.  Such  an  oil 
would  also  be  suitable  for  the  lubrication  of  dynamos,  and  ^ould  also  give 
satisfkction  where  used  in  lubricating  the  cylinders  of  air  compressors. 
Where  the  machinery  is  of  an  old  type  and  loose-jointed,  or  when  tne  bear- 
ings are  open  and  the  oil  is  applied  directly  to  them  by  means  of  an  oiler, 
an  engine  oil  of  a  more  sluggish,  or  viscid,  nature  is  best. 

Pernaps  of  equal  importance  to  the  lubrication  of  power  machinery 
must  be  considered  the  lubrication  of  the  axles  of  mine  cars.  This  is 
important,  first,  because  of  the  fiEict  that  perhaps  three-fourths  of  the  oil 
usra  about  a  coal  mine  Is  used  for  this  purpose,  and,  secondly,  because  there 
is  really  a  marked  difference  In  the  quality  and,  therefore,  in  the  efficiency 
of  lubricants  used  for  this  purpose.  Fully  nine-tenths  of  the  prominent 
railroads  of  this  country  are  today  using  car-axle  oil,  costing  perhaps  as 
much  per  gallon  as  mucn  of  the  so-called  cylinder  oil  that  Is  used  in  coal 
mines,  they  having  discovered,  by  exhaustive  experiments,  that  the  increased 
efficiency  gained  oy  using  an  oil  of  such  quality  many  times  offtets  the 
difference  in  the  cost  per  gallon  and  enables  them  to  secure  a  greater  mile- 
age without  any  increase  in  their  power  or  other  fixed  charges.  This,  we  are 
certain,  would  apply  just  as  forcibly  to  the  lubrication  of  coal  cars,  no 
matter  whether  the  power  is  derived  fh)m  "long-eared  mules"  or  electric 
motors,  and  we  believe  this  feature  of  lubrication  of  mine  equipment  should 
receive  more  careftil  attention  than  it  does  receive,  as  a  rule. 

There  is  a  considerable  amount  of  waste  in  the  lubrication  of  mine  cars. 
This  waste  is  hard  to  avoid,  and,  naturally,  makes  the  buyer  hesitate  before 
adopting  the  use  of  a  car  oil  that  costs  very  much  per  gallon;  but  we  believe 
it  can  be  demonstrated,  even  in  the  face  of  this  waste,  that  the  increased 
efficiency  secured  by  the  use  of  a  high-grade  car  oil  would  warrant  its  use. 
Such  waste  is  pretty  hard  to  correct  in  mines  where  the  old-fashioned  style 
of  car  axles  Is  still  In  use,  and  where  the  oil  is  applied  through  an  ordinary 
spout  oil  can  into  the  axle  box,  and  allowed  to  drip  off  the  axles  and  on  to 
tne  ground.  When  axles  are  equipped  in  the  same  manner  as  those  of 
freignt  cars,  or  where  cars  are  equipped  with  one  of  the  several  different 
styles  of  patent  car  wheels  and  axles  that  are  coming  into  use  quite 
extensively,  it  is  possible  to  regulate  the  feeding  of  the  oil  to  the  axles,  so  as 
to  reduce  the  waste  to  a  minimum.  One  of  these  patent  car  wheels,  which 
is  perhaps  better  known  than  any  other,  is  constructed  with  a  hollow  hub 


102  8TRENQTB  OF  MATERIALS. 

that  acts  as  a  reservoir  for  the  oil,  the  oil  passing  fifom  this  reeervoir  thiopgh 
small  holes  onto  a  felt  washer,  which  it  must  satiniite,  and  by  wmcli  it  is 
applied  to  the  axles.  Such  wheels  require  a  limpid  oil,  as  a  heavy,  sliig]gish 
oil  would  not  so  readily  saturate  the  felt  washer  referred  to.  A  tiglit  cap  is 
adjusted  to  the  end  of  the  axle,  to  prevent  waste  Of  oil.  These  wheels  will 
run  quite  a  length  of  time  without  reoiling  after  the  reservoir  is  once  filled. 
Or  course,  it  costs  something  to  equip  mine  cars  with  these  patent  axles, 
but  we  are  convinced  that  such  an  outlay  would  result  in  more  economical 
operation,  particularly  if  at  the  same  time  the  v^  best  quality  of  car  oil 
obtainable  is  used.  t  • 

BEST  LUBRICANTS  FOR  DIFFERENT  PURPOSES  (tHURSTON). 

^^:^^^Jk  !Sr  ""^.^*'.^}  "8W  '"ineral  luWcatlng  oUs. 

Very  great  pressuTM.  slow' speed •••  {**^?S?vlbSS^"*'    *°^    °*^^ 

Heavy  pressures,  with  slow  speed fl^ht^^^lklS''  '*'^'  ^'^^°^'  """^ 

Heavy  pressures  and  high  speed r'Semlouf^'  ""'  '"^  ^^"^ 

Light  pressures  and  high  speed  T^?^:  ^tSSt^'^"^  °"""' 

i  Lard  oil,  tallow  oil,  heavy  mineral 
oils,  and  the  heavier  vegetable 
oils. 
Heavy  mineral  oils,  lard,  tallow. 
Cladlied  sperm,  neat's  foot,  por- 
poise, olive,  and  light  mineral 
lubricating  oils. 
For  mixture  with  mineral  oils,  sperm  is  best;  lard  is  much  used;  olive 
and  cottonseed  are  good.         _^ 

STRENGTH  AND  WEIGHT  Ol^  MATERIALS 


WOODEN  ,  BEAMS. 

To  Find  the  Quitsceni  Breaking  Load  of  a  Horizontal  Square  or  Reetangular  Beam 
Supported  at  Botii  Ends  and  Loaded  at  tiie  Middle.— Multiply  the  breadth  in 
incnes  by  the  square  of  depth  in  inches,  divide  the  product  by  distance  in 
feet  between  the  supports,  and  multiply  the  quotient  by  the  constant  given 
in  the  table  on  the  next  page.  Take  safe  working  load  one-third  of  break- 
ing load. 

To  Find  tlie  Quiesoent  Brealcinff  Load  of  a  Horizontal  Cyllndrloal  Beam.— Divide 
the  cube  of  the  diameter  in  Incnes  by  the  distance  between  the  supports  in 
feet,  and  multiply  the  quotient  by  the  constant. 

When  the  loaa  is  uniformly  distributed  on  the  beam,  the  results  obtained 
by  the  above  rules  should  be  doubled. 

ExAMPLrE  1.— Find  the  quiescent  breaking  load  and  safe  working  load  of 
a  yellow-pine  collar  8  in.  square,  12  ft.  between  legs. 

Breaking  load  =  ^^^  X  500  =  21,333  lb.  for  seasoned,  and  10,666  lb.  for 

green  timber. 

Safe  working  load  =  7,111  lb.  for  seasoned,  and  3,556  lb.  f6r  green  timber. 

Example- 2.— Find  the  quiescent  breaking  load,  and  the  safe  working 
load  of  a  hemlock  collar  10  in.  diameter,  7  ft.  between  legs. 

Breaking  load  =  -^*  X  '236  =  33,714  lb.  for  seasoned  timber,  and  ^^ 

=  16,857  lb.  for  green  timber. 

Safe  working  load  =  ^'^—  =  11,238  lb.  for  seasoned,  and  ^^  or  i^ 

~  5,619  lb.  for  green  timber. 

To  Find  tiie  Load  a  Rectaniular  Collar  Will  Support  When  Its  Depth  la  Increased. 
When  the  length  and  width  remain  constant,  the  load  varies  as  the  square  of 
the  depth.  o 
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Example.— A  rectan^ar  collar  10  in.  deep  supports  15,000  lb.  What  will 
it  sapport  If  its  depth  is  increased  to  12  in.? 

10- :  122 : :  15,000  :  21,600.    Ans. 

Having  the  Length  end  Dismeter  of  s  Collar,  to  Find  the  Diameter  of  a  Longer  Collar 
to  Support  the  Same  Weight. — For  the  same  load,  the  stren^h  of  collams  varies 
as  the  cubes  of  their  diameters,  and  inversely  as  their  lengths. 

Example.— If  a  collar  6  ft.  long  and  8  in.  diameter  supports  a  certain 
weig^ht,  what  must  be  the  diameter  of  a  collar  12  ft.  long  to  support  the  same 
weiglit?  _       _ 

^  6  :  t!^12  : :  8  in. :  10+  in.    Ans. 

Having:  the  Loada  of  Two  Baama  of  Equal  Length  and  the  Diameter  of  One,  to 
Find  the  i)iameter  of  the  Other.— When  the  lengths  are  equal,  the  diameters 
vary  as  the  cube  roots  of  the  loads,  or  the  cubes  of  the  diameters  vary  as  the 
loads. 

Example  l.— A  beam  11  in.  in  diameter  supports  a  load  of  82,160  lb.  What 
will  be  the  diameter  of  another  beam  the  same  length,  to  support  a  load 

of  19,440  lb.? 

^^  32,160  :  ^19,440  : :  11 :  9.    Ans. 

Example  2.— A  beam  8  in.  in  diameter  will  support  a  load  of  10,240  lb. 
What  load  will  a  beam  the  same  len^h  and  7  in.  in  diameter  support? 
83  :  7»  ::  10,240  :  6,860.    Ans. 

Table  op  Constants. 
Calculated  for  seasoned  timber.    For  green  timber,  take  one-half  of  these 
constants.    Safe  working  load  is  one-third  of  breaking  load. 


Woods. 

Square  or 
Rectan- 
gular. 

1 

Woods. 

Square  or 
Rectan- 
gfular. 

'6 

Ash,  vFhite 

Ash,  swamp 

Ash,  black  

650 
400 
300 
350 
450 
550 
450 
450 
250 
450 
350 
600 
400 
650 
600 

383 
236 
177 
206 
365 
324 
265 
266 
147 
265 
206 
353 
236 
383 
353 

Locust  

Lignum  vitse 

600 
650 
400 
550 
550 
600 
600 
450 
500 
550 
550 
450 
600 
350 

363 
383 

Larch 

Maple   

Oak,  red  or  black... 
Oak  white 

236 
324 
324 
353 
353 
265 
295 
324 
324 
265 

Balsam,  Canada 

Beech,  white 

Beech  red        

Birch,  black 

Birch,  yellow  

Cedar,  white 

Chestnut   

Elm 

Oak,  live 

Pine,  white 

Pine,  yellow  

Pine,  pitch 

Poplar  

Spruce  

Elm,  rock 

Hemlock    

Sycamore 

295 

Hickory                

Willow 

206 

Ironwood  

To  Find  the  Diameter  of  a  Collar  When  the  Weight  Inereaaea  in  Proportion  to  the 
Length.— Find  the  required  diameter  to  support  the  same  weight  as  the  short 
collar.  Then  the  length  of  the  short  collar  is  to  the  length  of  the  long  one 
as  the  diameter  found  to  support  the  original  weight  is  to  the  required 
diameter. 

Example.— If  a  collar  6  ft.  long,  8  in.  in  diameter,  supports  a  certain  weight, 
what  must  be  the  diameter  of  a  collar  12  ft.  long  to  support  twice  the  wei^it? 


:2::  ^:^ 


)» 


6  •    12 


or  1 :  2  : :  2  X  88 :  (    )», 


^1  :  ^2  ::  Sl^^  :  (    )  =  12.7.    Ans. 
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Constants  for  use  in  calculating  strength  of  iron  and  steel  beams: 

Cast  iron  2,000 

Wrought  iron ^.^^™ij^2,200 

Steel    .i'i.?d.bySfl50£re5()oo 
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Hard  steel  will  break  the  same  as  cast  iron.  Soft  steel  will  bend  like 
ffTTought  iron.  The  elastic  limit  of  wrought  iron  is  reached  at  about  2,200  lb. 
hB  it  does  not  break,  we  use  the  limit  of  elasticity. 

To  Find  the  Quiescent  Breaking  Load  of  a  Horizontal  Souare  or  Raotangular 
roB  or  Steel  Beam  Supportad  at  Both  Ends  and  Loaded  at  tna  Middle.— -Multiply 
:he  square  of  its  depth  in  inches  by  its  breadth  in  inches;  multiply  this  result 
t>y  the  constant  for  the  material  used,  and  divide  by  the  length  in  feet 
tietween  the  supports.  For,  the  neat  load,  subtract  one-half  the  weight  of 
Lhebeam. 

To  Find  the  Quiosoent  Breaking  Lead  of  a  Cylindrioal  iron  or  Stsel  Beam. 
Find  the  breaking  load  of  a  souare  beam  the  sides  of  which  are  equal  to  the 
iiameter  of  tbe  round  one,  ana  multiply  by  .6. 

Safe  working  load  in  each  of  the  preceding  cases  is  one-third  of  the  breaking 
load.  If  the  load  is  equally  distributed  over  the  l>eam,  it  will  be  twice  as 
great.  

PILLARS  OR  PROPS. 
To  Find  the  Crushing  Loed  of  Either  Square  or  Rectangular  Wooden  Pillars  or 
Props.— Call  one  side  of  the  square  or  the  least  side  of  the  rectangle  the 
breadth.  Divide  the  square  of  the  length  in  inches  by  the  square  of  the 
breadth  in  inches,  multiply  the  quotient  by  .004.  add  1  to  the  product,  and 
divide  the  constant  in  the  following  table  by  the  result.  Then  multiply 
this  quotient  by  the  number  of  square  inches  in  the  end  of  the  prop. 

Or,  breaking  load  in  lb.  =       -52?-?**?^ X  6d, 

(^-X  .004)4-1 

when  I  =  length  in  inches,  6  =  breadth  in  inches,  and  d  =  depth  in  inches. 
Cbushino  Loads  of  Well-Seasoned  American  Woods. 


Wood. 

Crushing 
Load.    Lb. 
per  Sq.  In. 

Wood. 

Crushing 
Load.    Lb. 
per.  Sq.  In. 

Ash       

6,800 
7,000 
8,000 
6,000 
4,400 
5,800 
5,800 
8,000 
5,000 
9,800 
7,000 

6,300 

Maple,  sugar,  black. . . . .  . 

Maple,  white,  red 

Oak,  white,  red,  black 

Oak,  scrub,  basket  

Oak,  chestnut,  live 

Oak,  pin  

Pine,  white 

Pine,  pitch 

Pine,  Georgia 

Poplar  

Spruce,  black 

Spruce,  white 

Willow 

8,000 

Beech 

6,800 

Birch  

Cedar  red            

7,000 
6,000 

Cedar!  white 

7,500 

Chestnut    

Hemlock 

Hickory 

Linden 

6,500 
5,400 
5,000 
8.500 

Locust,  black,  yellow 
Locust,  honey 

5,000 
5,700 

Maple,   broad-leafed 
Oregon _ 

4,500 
4,400 

[l  +  ( -^  X  .004)  1  =  2,308.4  lb.  per  sq.  in.  of  area.    2,308.4  X  80 


For  green  timber,  take  one-half  of  the  constants  or  crushing  strength. 
Safe  working  load  equals  one-third  of  crushing  load. 

Example.— What  is  the  breaking  load  of  a  well-seasoned  hemlock  post 
10  in.  by  8  in.  and  12  ft.  long? 
/ 1^  . 
\  8« 
=  184,6721b.    Ans, 

To  Find  tlie  Brealdng  Load  of  a  Cvlindrioai  Woodan  Prop.— Find  the  breaking 
load  of  a  square  prop  whose  ends  are  equal  in  area  to  those  of  the  cylin- 
drical one,  and  proceed  according  to  foregoing  rule. 

Example.— What  is  the  safe  working  load  for  a  hemlock  mine  prop  10  in. 
diameter,  10ft.  long? 

The  area  of  the  end  of  the  prop  =-  78.54  sq.  in.  A  square  of  equal  area 
will  have  sides  equal  to  1/ 78.54  =  8.86+  in. 

Then,  5,300  h-  Fl  +  (o"^  X  .004  H  =  3,058.3  lb.  per  each  sq.  in.  of  area. 
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And  3,058.3  X  78.54  =  240,198  lb.  This  Is  the  crashing  strengrth  of  a  simili 
prop  of  seasoned  timber,  but,  as  mine  timber  is  used  in  its  green  state,  % 
take  one-half  of  240,198  lb.,  or  120,099  lb.,  as  the  crashing;  loacTof  the  propfi 
question.    Then,  the  safe  working  load  Is  one-third  of  this,  or  40,033  lb. 

The  strength  of  similar  props  varies  as  the  cubes  of  their  diameters,  an 
inversely  as  their  lengths. 

Safe  Loads,  in  Tons  of  2,000  Pounds,  for  Hollow  Cylindrical,  Cast-Imi 
Columns. 
( The  Carnegie  Steel  Co.,  Limited.) 


1 

o 

Length  of  Columns  in  Ft. 

i 

D    h4  ^fl 

5| 
11 

8     !    10        12        14 

« 

X8 

20 

•22 

24 

•s  c** 

1 

^ 

H 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

1 

^^^ 

6 

i 

26.2 

•23.0 

20.1 

17.5 

15.2 

13.2 

11.6 

8.6|   26.% 

6 

1 

37.5 

33.0 

28.8 

25.0 

21.7 

18.9 

16.5 

12.4    38.59 

6 

\ 

42.7 

37.6 

32.8 

28.5 

24.7 

21.5 

18.8 

14.1    43.96 

6 

1 

47.6 

41.9 

36.5 

31.8 

27.6 

24.0 

21.0 

15.7    49.02 

6 

1 

52.2 

46.0 

40.1 

34.8 

30.2 

26.3 

23.0 

17.2 

63.76 

7 

47.7 

43.1 

38.5 

34.3 

30.4 

26.9 

23.9 

21.2 

18.9 

14.7 

45.96 

7 

1 

61.1 

55.2 

49.3 

43.8 

38.9 

34.4 

30.6 

27.1 

24.2 

18.9 

58.90 

7 

H 

67.2 

60.8 

54.3 

48.3 

42.8 

37.9 

33.7 

29.9 

26.7 

20.8 

64.77 

8 

57.9 

53.3 

48.6 

44.1 

39.7 

85.8 

32.2 

28.9 

26.1 

17.1 

63.29 

8 

1 

74.6 

68.7 

62.5 

56.7 

51.1 

46.0 

41.4 

37.3 

33.6 

22.0 

68.64 

8 

li 

89.9 

82.8 

75.5 

68.4 

61.7 

55.5 

49.9 

44.9 

40.5 

26.5 

82.71 

9 

1 

68.1 

63.6 

58.9 

54.2 

49.6 

45.2 

41.2 

37.5 

34.1 

19.4 

GOM 

9 

1 

88.0 

82.3 

,76.2 

70.0 

64.1 

58.4 

53.2 

48.4 

44.1 

25.1 

78.40 

9 

U 

106.6 

99.6 

92.2 

84.8 

77.6 

70.8 

64.4 

68.7 

53.4 

30.4 

91.94 

9 

U 

123.8 

115.7 

107.1 

98.5 

90.1 

82.2 

74.8 

68.1 

62.0 

35.3 

110.*26 

9 

1* 

139.6 

130.5 

120.8 

111.1 

101.6 

92.7 

84.4 

76.8 

69.9 

39.9 

l'2i.36 

10 

1 

101.4 

95.9 

89.8 

83.6 

77.4 

71.5 

65.8 

60.6 

66.5 

28.3 

88.23 

10 

u 

123.3 

116.5 

109.1 

101.6 

94.1 

86.8 

79.9 

73.4 

67.5 

34.4 

107.23 

10 

u 

143.7 

135.8 

127.3 

118.5 

109.7 

101.2 

93.2 

85.6 

78.7 

40.1 

124.99 

10 

1* 

162.7 

153.8 

144.1 

134.1 

124.2 

114.6 

105.5 

97.0 

89.1 

45.4 

lil.65 

11 

1 

114.8 

109.4 

103.5 

97.3 

91.0 

84.8 

80.2 

73.1 

67.7 

31.4 

98.03 

11 

u 

139.9 

133.3 

126.1 

118.6 

110.9 

103.3 

97.8 

89.4 

82.6 

38.3 

119.46 

11 

It 

163.5 

155.9 

147.5 

138.6 

128.7 

120.8 

114.3 

104.1 

96.4 

44.8 

139.68 

11 

11 

185.7 

177.1 

167.5 

157.5 

147.3 

137.2 

129.8 

118.3 

109.5 

60.9 

m.68 

11 

2 

206.6 

196.9 

186.3 

175.1 

163.8 

152.6 

144.4 

131.5 

121.8 

56.6 

176.44 

12 

1 

128.0 

122.9 

117.2 

111.0 

104.7 

98.4 

92.2 

86.1 

80.4 

34.6 

107.51 

12 

H 

156.4 

150.1 

143.1 

135.7 

127.9 

120.2 

112.6 

105.2 

98.2 

42.2 

131.41 

12 

It 

183.3 

175.9 

167.7 

159.0 

149.9 

140.9 

132.0 

123.3 

115.1 

49.6 

154.10 

12 

1* 

208.7 

200.4 

191.0 

181.1 

170.7 

160.4 

150.3 

140.5 

181.1 

56.4 

175.53 

12 

2 

232.7 

223.4 

213.0 

201.9 

190.4 

178.9 

167.6 

156.6 

146.1 

62.8 

195.75 

13 

1 

141.2 

136.3 

130.7 

124.7 

118.5 

112.1 

ia5.8 

99.5 

93.6 

37.7 

117.53 

13 

u 

172.8 

166.8 

160.0 

152.7 

145.0 

137.2 

129.4 

121.8 

114.4 

46.1 

WM 

13 

H 

203.0 

195.9 

187.9 

179.3 

170.3 

161.1 

152.0 

143.1 

134.3 

54.2 

168.98 

13 

1* 

231.6 

223.6 

214.5 

204.7 

194.4 

183.9 

173.5 

163.3 

153.3 

61.9 

19*2.88 

13 

2 

258.9 

249.9 

239.7 

228.7 

217.3 

205.5 

193.9 

182.5 

171.3 

69.1 

215.56 

14 

1 

154.3 

149.6  1  144.3  ;  i:«.5 

132.3 

125.9 

119.5 

113.1 

106.8 

40.8 

127.00 

14 

It 

189.2 

183.4 

176.9    169.7 

162.2 

154.4 

146.5 

138.6 

131.0 

50.1 

156.31 

14 

It 

222.6 

215.8 

208.1    199.7 

190.8 

181.7 

172.3 

163.1 

154.1 

58.9 

183.67 

14 

li 

254.4 

246.7 

237.9    228.3 

218.1 

207.6 

197.0 

186.5 

176.2 

67.4 

210.00 

14 

2 

284.8 

276.2 

266.4    255.6 

244.2 

232.4 

220.6 

208.8 

197.2 

75.4 

235.12 

15 

1 

167.4 

162.9 

157.8    152.1 

146.0 

139.7 

133.3 

126.8 

1*20.4 

44.0 

137.28 

15 

It 

205.6 

200.0 

193.7  1  186.7 

179.3 

171.5 

163.6 

155.7 

147.9 

54.0 

168.48 

15 

It 

242.1 

235.7 

228.2  1  -220.0 

211.2 

202.1 

192.8 

183.6 

174.2 

63.6 

198.74 

15 

11 

277.2 

269.8 

261.3  1  251.9 

241.9 

231.4 

220.7 

210.1 

199.5 

72.9 

227.45 

15     2 

310.8 

302.5 

293.0    282.5 

271.2 

259.5 

247.5 

235.5 

228.6 

81.7 

254.90 
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Minimum  Safe-Bearing  Values  op  Masonry  Materials. 


Materials.  Tons  per  Sq.  Ft. 


ijTanite,  capstone 50 

Squared  masonry 25 

Sandstone,  capstone i  25 


^uared  masonry  . 

Rabble,  laid  in  lime  mortar 

Rubble,  laid  in  cement  mortar 

Lamestone,  capstone .,.., 

Squared  masonry 

Rubble,  laid  in  lime  mortar 

Rabble,  laid  in  cement  mortar 

Bricks,  hard,  laid  in  lime  mortar 

Hard,  laid  in  Portland  cement  mortar  

Hard,  laid  in  Rosendale  cement  mortar  .... 
Concrete,  1  Portland,  2  sand,  5  broken  stone 


12 

5 

10 

36 

18 

5 

10 

7 

14 

10 

10 


SPECIFIC  GRAVITY,  WEIGHT,  AND  PROPERTIES  QF  MATERIALS,  ETO. 

The  specific  gravity  of  a  body  is  the  ratio  of  its  weight  to  the  weight  of 

an  equal  bulk  of  pure  water,  at  a  standard  temperature  (62°  F.  =  16.670°  C). 

Some  experimenters  have  used  60°  F.  as  the  standard  temperature,  others 

32°  and  still  others,  39.1°.    To  reduce  a  specific  gravity,  referred  to  water 

at  39.1°  F.,  to  the  standard  of  water  at  62°  F.,  multiply  by  1.00112. 

Given  specific  gravity  referred  to  water  at  62°  F.,  multiply  by  62.355  to 
find  the  weight  ol  a  cuSic  foot  of  the  substance.  Given  weight  per  cubic 
foot,  to  find  specific  gravity,  multiply  by  0.016037. 

Given  specific  gravity,  to  find  the  weight  per  cubic  inch,  multiply  by 
0.036085. 

To  Find  the  Specific  Grsvity  of  s  Solid  Hesvier  Then  Wster.— Weigh  the  body 
both  in  air  and  in  water,  and  divide  the  weight  in  air  by  the  difference  of 
the  weights  in  air  and  water. 

Example.— A  piece  of  coal  weighs,  say,  480  grains.  Loss  of  weight 
when  weighed  in  water,  398  grains. 

Then,  %%%  =  1.206,  specific  gravity  of  the  coal  compared  with  water  at 
1.000. 

As  a  cubic  foot  of  water  weighs,  approximately,  1,000  oz.,  the  weight  of  a 
cubic  foot  of  anv  substance  can  be  found  by  multiplying  its  specific  gravity 
by  1,000. 

To  Find  the  Specific  Gravity  of  a  Solid  Lithter  Then  Water.— Attach  to  it 
another  body  heavy  enough  to  sink  it;  weigh  severally  the  compound  mass 
and  the  heavier  body  in  water,  divide  the  weight  of  the  body  in  air  by  the 
weight  of  the  body  in  air  plus  the  weight  of  the  sinker  in  water  minus  the 
combined  weight  of  the  sinkerand  body  in  water. 

To  Find  the  Specific  Gravity  of  a  Fluid.— Weigh  both  in  and  out  of  the  fluid 
a  solid  (insoluble)  of  known  specific  gravity,  and  divide  the  product  of  the 
weight  lost  in  the  fluid  and  the  specinc  gravity  of  the  solid  by  the  weight  of 
the  solid. 

The  weight  of  a  cubic  foot  of  water  at  a  temperature  of  62°  is  about 
1,000  oz.  avoirdupois,  and  the  specific  gravity  of  a  body,  water  being  1,000, 
shows  the  weight  of  a  cubic  foot  of  that  body  in  ounces  avoirdupois. 
Then,  if  the  magnitude  of  the  body  be  known,  its  weight  can  be  com- 
puted; or,  if  its  weight  be  known,  its  magnitude  can  be  calculated,  provided 
we  know  its  specific  eravity;  or,  of  the  magnitude,  weight,  and  specific 
gravity,  any  two  being  Known,  the  third  may  be  found. 

To  Find  the  Magnitude  of  a  Body  in  Cubic  Feet  From  Its  Weight.— Divide  the 
weight  of  the  body  in  ounces  by  1,000  times  the  specific  gravity  of  th6  body. 
To  Find  the  Weight  of  a  Body  in  Ounces  From  Its  Magnitude.— Divide  the 
weight  of  the  body  in  ounces  oy  the  specific  gravity  oithe  substance  mul- 
tiplied by  1,000.  ,  ^    . 

Note.— The  specific  gravity  of  any  substance  is  equal  to  its  weight  in 
grams  per  cubic  centimeter.    (See  table  of  metric  weights  and  measures.) 
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WEIGHT  OF  MATERIALS. 
Specific  Gravity  op  Substances 


Substance. 


Average 
Specific 
Gravity. 


Air,  atmospheric;  at  60°  F.  under  pressure  of  1  at- 
mosphere, or  14.7  lb.  per  sq.in 

Alcohol,  pure 

Alcohol,  of  commerce 

Aluminum 

Anthracite*  coal 

Asphaltum 

Brass,  cast  

Brass,  rolled  

Bronze,  gun  metal 

Brick,  best  pressed 

Brick,  common  hard 

Carbonic-acid  gas 

Clay,  dry,  in  lumps,  loose 

Clay,  potters',  dry 

Coke,  t  loose,  of  good  qoal 

Coal,  bituminous  J 

Coal,  bituminous,  broken  loose 

Coal,  bituminous,  moderately  shaken 

Copper,   cast .' 

Copper,  rolled 

Earth,  common  loam,  perfectly  dry,  loose 

Earth,  common  loam,  perfectly  dry,  shaken 

Earth,  common  loam, perfectly  dry, moderately  packed 

Earth,  common  loam,  slightly  moist,  loose  

Earth,  common  loam,  more  moist,  loose 

Earth,  common  loam,  more  moist,  shaken 

Earth,  common  loam,  more  moist,  packed 

Earth,  common  loam,  as  a  soft  flowing  mud 

Earth,  common  loam,  as  a  soft  mud  packed 

Gold,  cast,  pure  or  24  carats 

Gravel 

Gutta  percha , 

Gypsum  (plaster  of  Paris) 

Gypsum,  in  irregular  lumps 

Gypsum,  ground,  loose 

Gypsum,  ground,  well  shaken 

Gypsum,  calcined,  loose 

Hydrogen  gas,  14}  times  lighter  than  air  and  16  times 

lighter  than  oxygen 

Ice '. 

Iron,  cast 

Iron,  rolled  bars 

Iron,  sheet 

Iron,  wrought 

Lead 

Lime,  quick 

Lime,  quick,  ground,  loose,  per  struck  bushel,  66  lb. 

Mercury,  at  32°  F 

Mercury,  at  60°  F 

Mercury,  at  212°  F 

Nitrogen  gas,  ^  part  lighter  than  air 

Oils,  whale,  olive 


.00123 

.798 

.834 
2.66 
1.5 
1.4 
8.1 
8.4 
8.5 


.00187 
1.9 
1.35 


8.7 
8.9 
.25 


19.26 


.98 
2.27 


.92 
7.21 
7.65 

7.77 

11.88 

1.5 

13.62 
13.58 
13.88 

.92 


*  Anthracite  increases  about  75  per  cent,  in  bulk  when  broken  to  vof  market  siie.    A  ton 
loose,  averages  from  40  to  43  cu.  ft. 

t  A  heaped  bushel,  loose,  weighs  from  35  to  42  lb.    A  ton  occapies  80  to  97  oa.  ft. 
%  A  heaped  bushel,  loose,  weighs  about  74  lb.,  and  a  ton  occupies  from  43  to  48  eti.  ft.  Bitami- 
nus  ooal,  when  broken,  occupies  75  per  cent,  more  space  than  in  the  solid. 


SPECIFIC  GRAVITY. 
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Sfscific  Geavity  of  Substances— (Cbn/mu«d). 


Substance. 


Average 
Specific 
Gravity. 


Average 
Weight  per 
Cu.Ft.Ll). 


Oxygen  gas,  ^  part  heavier  than  air 

Petroleum 

Powder 

Roaia 

Silver 

Slate  

Steel  

Sulpliur   

Tallow  

Tin,  cast 

Water,  pure,  rain  or  distilled,  at  82°  F.,  Barom.  30  in. 
Water,  pure,  rain  or  distilled,  at  62°  F.,  Barom.  80  in. 
Water,  pure,  rain  or  distilled,  at  212°  F.,  Barom.  30  in. 

Water,  sea,  average 

Zinc 


.00136 

.878 
1.00 
1.1 
10.5 
2.8 
7.85 
2.0 

.94 
7.36 

1.00 

1.028 
7.00 


.0846 

54.8 

62.3 

68.6 
655.0 
175.0 
490.0 
125.0 

58.6 
459.0 

62.417 

62.355 

59.7 

64.08 
437.5 


The  following  table  gives  the  specific  gravities  of  various  coals: 


Name  of  Coal. 

Sp.  Qr. 

Weight  Of  a 
Cu.  Ft.    Lb. 

Weight  of  a 
Cu.Yd.  Tons. 

Newcastle  Hartley,  England 

Wigan,  4  ft.,  England 

Portland,  England 

AnthraciteTWales 

Eglington,  Scotland 

Anthracite,  Irish 

Anthracite,  Pennsylvania 

1.29 
1.20 
1.30 
1.39 
1.25 
1.59 
1.55 
1.40 
1.27 

80.6 
75.0 
81.2 
86.9 
78.1 
99.4 
96.9 
87.5 
79.4 

.972 

.914 

.978 

1.047 

.941 

1.193 

1.167 

Bituminous,  Pennsylvania 

1.054 

Block  coal,  Indiana 

.956 

SPECIFIC  GRAVITY  AND  WEIGHT  OF  PREPARED  ANTHRACITE  COAL. 

To  Mr.  Irving  A.  Steams,  General  Superintendent  of  the  Pennsylvania 
Railroad  CJo.'s  Coal  Department,  we  are  indebted  for  the  following  sum- 
mary of  tests  made  by  the  mining  engineers  of  the  company. 

In  a  series  of  tests  to  ascertain  the  specific  gravitv  or  the  coal  from  differ- 
ent seams  worked  by  the  company,  it  was  found  that  the  average  specific 
gravity  was  1\4784,  and  the  average  weight  per  cubic  foot  was  92.50  lb.  This 
was  calculated  for  space  filled  at  breaker  without  settling.  Add  5^  for 
packed  spaces  of  large  heaps. 

Weight  per  Cubic  Foot  op  Susquehanna  Coal  Co.'s  White  Ash  Anthra- 
cite Coal. 


Size. 

Size  of  Mesh. 

Weight^per 
Pounds. 

Cu.Ft.Froml 

Over. 

Through. 

Cu.Ft.  Solid. 

Lump 

Broken 

Egg 

Large  stove 

Small  stove 

Chestnut 

Pea 

No.  1  buckwheat 
No.  2  buckwheat 

4i"  to  9  " 
2f '  to  2|" 
11"  to  2i" 
W  to  U" 
1  ''  to  U" 

rto  r 

8i"  to  4i" 
2i"  to  2^' 
If"  to  2y' 
ly  to  U" 
1  "  to  li" 
4"  to   t" 
i"to   1" 
aV'to  r 

57 
53 
52 
5U 

50* 

1.614 
1.755 
1.769 
1.787 
1.795 
1.804 
1.813 
1.813 
1.813 
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WEIGHT  OF  MATERIALS. 


LINE  SHAFTING. 

Shafting  Is  usually  made  cylindrically  true,  either  Ijy  a  special  rolling 
process,  when  it  is  known  as  cold-rolled  shafting,  or  it  is  turned  up  in  a 
machine  called  a  kUke.  In  the  latter  case,  it  is  called  bright  shafting.  What 
is  known  as  black  shafting  is  simply  bar  iron  rolled  by  the  ordinary  process 
and  turned  where  it  receives  the  couplings,  pulleys,  bearings,  etc. 

Bright  turned  shafting  varies  in  diameter  by  i  in.  up  to  about  3i  in.  in 
diameter;  above  this  diameter  the  shafting  varies  by  i  in.  Tlie  actual 
diameter  of  a  bright  shaft  is  ^  in.  less  than  the  commercial  diameter,  it 
being  designated  from  the  diameter  of  the  ordinary  round  bar  Iron  fix)m 
whicn  it  is  turned.  Thus,  a  length  of  what  is  called  3''  bright  sbafting  is 
only  2*1  in.  in  diameter. 

Cold-rolled  shafting  is  designated  by  its  commercial  diameter;  thus,  a 
length  of  what  is  called  S^'  shafting  is  3  m.  in  diameter. 

Cold-rolled  iron  is  considerably  stronger  than  ordinary  turned  wrought 
iron;  the  increased  strength  being  due  to  the  process  of  rolling,  which  seems 
to  compress  the  metal  and  so  make  it  denser— not  merely  skin  deep,  but 
practically  throughout  the  whole  diameter. 


Let 


STRENGTH    OF  SHAFTING. 

D  =  diameter  of  shaft; 
JB  =  revolutions  per  minute; 
11=  horsepower  transmitted; 
C  =  constant  given  in  table. 
Constants  for  Line  Shafting. 
In  the  accompanying  table  the  bearings  are  supposed  to  be  spaced  so 

as  to  relieve  the  shaft  of 
excessive  bending;  also, 
in  the  third  vertical  col- 
umn, an  average  num- 
ber and  weight  of  pulleys 
and  power  given  off  is 
assumed. 

In    determining-    the 
constants  ^ven  in    the 
accompanying. table,  al- 
lowance has  been  made  to  insure  the  stiffhess  as  well  as  strength  of  the  shaft. 


Material  of  Shaft. 

No  Pulleys 
Between 
Bearings. 

Pulleys 
Between 
Bearings. 

Steel  or  cold-rolled  iron 

Wrought  iron 

Cast  iron 

65 
70 
90 

85' 
95 
120 

H  = 


C     '  \      R     '  ^^  ~      Di    ' 

Shafts  are  subject  to  forces  that  produce  stresses  of  two  kinds— transverse 
.  and  torsional.  When  the  machines  to  be  driven  are  below  the  shaft,  there 
is  a  transverse  stress  on  the  shaft,  due  to  the  weight  of  the  shaft  itself,  of  the 
pulley  and  tension  of  the  belt.  Sometimes  the  power  is  taken  off  horizon- 
tally on  one  side,  in  which  case  the  tension  of  the  belt  produces  a  horizontal 
transverse  stress,  while  the  weight  of  the  pulley  acts  with  the  weight  of  the 
shaft  to  produce  a  vertical  transverse  stress.  When  the  machinery  to  be 
driven  is  placed  on  the  floor  above  the  shaft,  the  tension  of  the  belt  produces 
a  transverse  stress  in  opposite  direction  to  that  due  to  the  weight  of  the 
shaft  and  pulley. 

The  torsional  strength  of  shafts,  or  their  resistance  to  breaking  by  twisting, 
is  proportional  to  the  cube  of  their  diameter.  Their  stifihess  or  resistance  to 
bending  is  proportional  to  the  fourth  power  of  their  diameters,  and  inversely 
proportional  to  the  cube  of  the  lengths  of  their  spans.  No  simple  general 
formula  can  be  given  that  will  safely  apply  to  enmne  and  other  shafting 
that  is  subiected  to  the  bending  stresses  produced  by  overhung  cranks,  the 
weight  of  heavy  flywheels,  the  pull  of  large  belts,  or  to  severe  shocks  pro- 
duced by  the  intermittent  action  of  the  power  or  load.  The  calculations  for 
such  shafts  should  always  be  based  on  the  special  conditions  involved. 

In  the  following  table  is  given  the  maximum  distance  between  the  bear- 
ings of  some  continuous  shafts  that  are  used  for  the  transmission  of  power. 

Pulleys  f^om  which  considerable  power  is  to  be  taken  should  always 
be  placed  as  close  to  a  bearing  as  possible. 

The  diameters  of  the  different  lengths  of  shafts  composing  a  line  of  shaft- 
may  be  proportional  to  the  quantity  of  power  delivered  by  each  respective 
'h.    In  this  connection,  the  positions  of  the  various  pulleys  depend 
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rthe  distance  between  the  pulley  and  the  bearing,  and  on  the  amount  of 
bwer  given  oflFby  the  pulleys.    Suppose,  for  example,  that  a  piece  of  shaft- 
fc  delivers  a  certfdn  amount  of 
Krer;  then,  it  is  obvious  that  the 
lift  will  deflect  or  bend  less  if  the 
fcney  transmitting  that  i)ower  be 
laced  close  to  a  hanger  or  bear- 
^,  than  if  it  be  placed  midway 
ween  the  two  hangers  or  bear- 
B.    It  is  imx>ossible  to  give  any 
le  for  the  proper  distance  of  bear- 
^  that   could  be  used  univer- 
iy,  as  in  some  cases  the  require- 
lieiits  demand  that  the  beajings 
|e  nearer  together  than  in  others. 
If  the  work  done  by  a  line  of  shaft- 
lag  is  distributed   quite  equally 
■long  its   entire  leng^th,  and  the 
power  can   be   applied  near  the 
middle,  the  strength  of  the  shaft 
need  be  only  half  as  great  as  would 
be  required  if  the  power  were  appli 

WEIGHT  OF  CASTINGS. 
To  Find  the  Approximate  Weight  of  a  Casting.— For  iron,  multiply  the  weight 
of  the  pattern  by  20.    Ctopper  is  ^  heavier;  lead,  f  heavier;  brass,  ^  I 


Distance  Between  Bearings. 

;     Diameter 

Feet. 

1      of  Shaft, 
r       Inches. 

Wrought-Iron 
Shaft. 

Steel  Shaft. 

;            2 

11 

11.50 

3 

13 

13.75 

*            4 

15 

15.75 

5 

17 

18.25 

6 

19 

20.00 

,            7 

21 

22.25 

8 

23 

24.00 

;       9 

t 

25 

26.00 

I 

)lied  at  one  end  of  the  shaft. 

and  zanc  is  -^  as  heavy. 


►  heavier; 


1 1. 

Weight  of 

Weight  of  a 

Weight  of  a 

l^ll 

Weight  of 

Weight  of  a 

Weight  of  a 

s^l^ 

a  Square 

Square  Bar 

Bound  Bar 

a  Square 

Square  Bar 

Round  Bar 

^'Is 

Foot. 

1  Ft.  Long. 

1  Ft.  Long. 

Foot. 

1  Ft.  Long. 

1  Ft.  Long. 

g  5- 

Pounds. 

Pounds. 

Pounds, 

g    5- 

Pounds. 

Pounds. 

Pounds. 

i 

9.375 

.195 

.154 

4i 

168.7 

63.33 

49.71 

t 

14.06 

.440 

.346 

4* 

173.4 

66.86 

52.52 

i 

18.75 

.781 

.610 

4* 

178.1 

70.52 

55.39 

i 

23.44 

1.221 

.959 

4J 

182.8 

74.27 

58.34 

\ 

28.12 

1.758 

1.381 

5 

187.5 

78.12 

61.37 

T 

32.81 

2.393 

1.880 

5i 

196.9 

86.14 

67.65 

1 

37.50 

8.125 

2.455 

5* 

206.2 

94.54 

74.26 

1- 

42.19 

3.955 

3.107 

5* 

215.6 

103.3 

81.16 

46.87 

4.883 

3.835 

6 

225.0 

112.5 

88.36 

1 

51.57 

5.909 

4.640 

6i 

234.4 

122.1 

95.89 

1 

56.26 

7.033 

5.523 

6i 

243.8 

132.0 

103.7 

Ir 

60.94 

8.253 

6.484 

6i 

253.1 

142.4 

111.9 

1 

65.63 

9.572 

7.518 

7 

262.5 

153.2 

120.2 

It 

70.32 

10.99 

8.630 

7i 

271.9 

164.2 

129.0 

2 

75.01 

12.50 

9.821 

7i 

281.3 

175.8 

138.1 

1 

79.70 

14.11 

11.09 

n 

290.7 

187.7 

147.4 

84.40 

15.83 

12.43 

8 

300.0 

200.1 

157.0 

2i 

89.07 

17.63 

13.85 

8i 

309.4 

212.7 

167.0 

2i 

93.75 

19.54 

15.34 

8i 

318.8 

225.8 

177.3 

2i 

98.44 

21.54 

16.56 

8* 

328.2 

239.3 

187.9 

n 

103.2 

23.64 

18.56 

9 

337.4 

253.1 

198.8 

2i 

107.8 

25.84 

20.29 

9i 

346.8 

267.4 

210.0 

3 

112.6 

28.13 

22.10 

9i 

356.2 

282.1 

221.5 

8 

117.3 

30.52 

23.97 

9| 

365.6 

297.0 

233.3 

121.8 

33.01 

•25.93 

10 

375.0 

312.5 

245.5 

4 

126.5 

35.60 

27.95 

lOi 

384.4 

328.4 

257.8 

^ 

131.2 

38.28 

30.07 

lOi 

393.7 

344.5 

270.6 

3i 

135.9 

41.07 

32.25 

lOf 

403.1 

361.2 

283.7 

U 

140.6 

43.95 

34.51 

11 

412.5 

378.2 

297.0 

^ 

145.3 

46.93 

36.&5 

Hi 

421.9 

395.5 

310.6 

4 

150.0 

50.01 

39.27 

lli 

431.2 

413.3 

324.6 

t 

154.7 

53.18 

41.77 

11* 

440.6 

431.4 

338.8 

159.3 

56.46 

44.33 

12 

450.0 

450.0 

353.4 

41 

164.0 

59.82 

46.99 

:-iitized 
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WEIGHTS    OF    SHEETS  AND    PLATES   OF  STEEL,   WROUGHT 
COPPER,  AND    BRASS. 

{Cambria  Steel  Co.) 
American,  or  Brown  &  Sharpe,  Gauge. 


Weight  Per  Square  Foot. 

No. 

of 

Gauge. 

Thickness. 
Inch. 

Steel. 

Iron. 

Copper. 

Brass. 

0000 

.460000 

18.7680 

18.4000 

20.8380 

19.6880 

000 

.409642 

16.7134 

16.3857 

18.5568 

17.5327 

00 

.364796 

14.8837 

14.5918 

16.5253 

15.6133 

0 

.324861 

13.2513 

12.9944 

14.7162 

13.9041 

1 

.289297 

11.8033 

11.5719 

13.1052 

12.3819 

2 

.257627 

10.5112 

10.3051 

11.6705 

11.0264 

3 

.229423 

9.3605 

9.1769 

10.3929 

9.8193 

4 

.204307 

8.3357 

8.1723 

9.2551 

8.7443 

5 

.181940 

7.4232 

7.2776 

8.2419 

7.7870 

6 

.162023 

6.6105 

6.4809 

7.3396 

6.9346 

7 

.144285 

5.8868 

6.7714 

6.5361 

6.1754 

8 

.128490 

5.2424 

6.1396 

5.8206 

5.4994 

9 

.114423 

4.6685 

4.5769 

5.1834 

4.8973 

10 

.101897 

4.1574 

4.0759 

4.6159 

4.3612 

11 

.090742 

3.7023 

3.6297 

4.1106 

3.8838 

12 

.080808 

3.2970 

3.2323 

3.6606 

3.4586 

13 

.071962 

2.9360 

2.8785 

3.2599 

3.0800 

14 

.064084 

2.6146 

2.5634 

2.9030 

2.7428 

15 

.057068 

2.3284 

2.2827 

2.5852 

2.4425 

16 

.050821 

2.0735 

2.0328 

2.3022 

2.1751 

17 

.045257 

1.8465 

1.8103 

2.0501 

1.9370 

18 

.040303 

1.6444 

1.6121 

1.8257 

1.7250 

19 

.035890 

1.4643 

1.4356 

1.6258 

1.5361 

20 

.031961 

1.3040 

1.2784 

1.4478 

1.3679 

21 

.028462 

"1.1612 

1.1385 

1.2893 

1.2182 

22 

.025346 

1.0341 

1.0138 

1.1482 

1.0848 

23 

.022572 

.92094 

.90288 

1.0225 

.96608 

24 

.020101 

.82012 

.80404 

.91058 

.86032 

25 

.017900 

.73032 

.71600 

.81087 

.76612 

26 

.015941 

.65039 

.63764 

.72213 

.68227 

27 

.014195 

.57916 

.56780 

.64303 

.60755 

28 

.012641 

.51575 

.50564 

.57264 

.54103 

29 

.011257 

.45929 

.45028 

.50994 

.48180 

30 

.010025 

.40902 

.40100 

.45413 

.42907 

31 

.008928 

.36426 

.35712 

.40444 

.38212 

32 

.007950 

.32436 

.31800 

.36014 

.34026 

33 

.007080 

.28886 

.28320 

.32072 

.30302 

34 

.006305 

.25724 

.25220 

.28562 

.26986 

35 

.005615 

.22909 

.22460 

.25436 

.24032 

36 

.005000 

.20400 

.20000 

.22650 

.21400 

37 

.004453 

.18168 

.17812 

.20172 

.19059 

38 

.003965 

.16177 

.15860 

.17961 

.16970 

-      39 

.003631 

.14406 

.14124 

.15995 

.15113 

40 

.()0:n44 

.12828 

.12^)76 

.14242 
r^         1 

.13456 

Digitized  by  V^VJOy  It: 
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WBIQHT  OP  CAST-IRON   PIPE  PER  FOOT  IN  POUNDS. 

These  weigrhts  are  for  plain  jxipe.    For  hautboy  pipe,  add  8  in.  in  length 
for  each  joint.    For  copper,  add  i;  fbr  lead,  j;  for  welded  iron,  ^. 


Diam- 
eter of 

Thickness  of  Pipe.    Inches. 

H 

Bore. 
Inches, 

i 

i 

i 

♦ 

1 

* 

1 

li 

u 

It   1   1* 

2 

1 

3.07 

5.07 

7.38 

U 

3.69 

6.00 

8.61 

U 

4.30 

6.92 

9.84 

u 

4.92 

7.84 

11.10 

2 

5.53 

8.76 

12.30 

16.2 

2i 

6.16 

9.69 

13.60 

17.7 

2^ 

6.76 

10.60 

14.80 

19.2 

24.0 

21 

7.37 

11.50 

16.00 

20.8 

25.9 

3 

7.98 

12.50 

17.20 

22.3 

27.7 

33.4 

H 

9.21 

14.30 

19.70 

25.4 

31.4 

37.7 

4 

10.30 

16.10 

22.20 

28.5 

35.1 

42.0 

H 

11.70 

18.00 

24.60 

31.5 

38.8 

46.3 

5 

12.90 

19.80 

27.10 

34.6 

42.5 

50.6 

H 

14.20 

21.70 

29.50 

37.7 

46.1 

64.9 

6 

15.40 

23.50 

32.00 

40.8 

49.8 

59.2 

68.9 

6* 

16.60 

25.40 

34.50   43.8 

53.5 

63.6 

73.8 

84.4 

7 

17.80 

27.20 

36.90 

46.9 

57.2 

67.8 

78.7 

89.4 

74 

19.10 

29.10 

39.40 

50.0 

60.9 

72.1 

83.7 

95.5 

108 

8 

20.30 

30.90 

41.80 

53.1 

64.6 

76.4 

88.6 

101.0 

114 

127 

8* 

21.50 

32.80 

44.30 

56.1 

68.3 

80.7 

93.6 

107.0 

120 

134 

148 

9 

22.80 

84.60 

46.80 

69.2 

72.0 

85.1 

98.4 

112.0 

126 

140 

155 

% 

24.00 

36.40 

49.20 

62.3 

75.7 

89.3 

103.0 

118.0 

132 

147 

163 

10 

25.10 

38.30 

51.70 

66.3 

79.4 

93.6 

108.0 

123.0 

138 

164 

170 

202 

11 

27.60 

42.00 

56.60 

71.5 

86.7 

102.0 

118.0 

134.0 

161 

168 

185 

220 

12 

30.00 

45.70 

61.50 

77.7 

94.1 

111.0 

128.0 

146.0 

168 

181 

199 

237 

275 

\Z 

32.50 

49.40 

66.40 

83.8 

102.0 

120.0 

138.0 

156.0 

176 

196 

214 

254 

294 

14 

35.00 

53.10 

71.40 

89.4 

109.0 

128.0 

148.0 

168.0 

188 

208 

229 

271 

314 

15 

37.40 

56.70 

76.30 

96.1 

116.0 

137.0 

158.0 

179.0 

200 

222 

244 

289 

334 

16 

39.10 

60.40 

81.20 

102.0 

124.0 

146.0 

167.0 

190.0 

212 

236 

258 

306 

353 

n 

42.30 

64.10 

86.10108.0 

131.0 

154.0 

177.0 

201.0 

225 

249 

273 

328 

373 

18 

44.80 

67.80 

91.00fll5.0 

139.0 

163.0 

187.0 

212.0 

237 

262 

288 

340 

393 

19 

47.30 

71.50 

96.001121.0 

146.0 

171.0 

197.0 

223.0 

249 

276 

303 

367 

412 

20 

49.70 

75.20 

101.00127.0 

153.0 

180.0 

207.0 

234.0 

261 

289 

317 

376 

432 

21 

52.20 

78.90 

106.00133.0 

161.01188.0 

217.0 

245.0 

274 

303 

332 

392 

462 

22 

54.60 

82.60 

111.00,139.0 

168.0196.0 

227.0  266.0 

286 

316 

347 

409 

471 

23 

57.10 

86.30 

116.00:145.0 

175.01206.0 

236.0' 267.0 

298 

330 

362 

426 

491 

24 

50.60 

89.90 

121.00152.0 

183.0:214.0 

246.0  278.0 

311 

343 

375 

444 

611 

25 

62.00 

93.60 

126.00|  158.0 

190.0  223.0i256.0,289.0 

323 

357 

391 

461 

631 

26 

64.50 

97.30 

131.00 

164.0 

198.0'231.0l266.0  m).0 

335 

370 

406 

478 

550 

27 

66.90 

101.00 

135.00 

170.0 

205.0  240.01276.0  311.0 

348 

384 

421 

495 

670 

28 

69.40 

105.00 

140.00 

176.0 

212.0|249.0|286.0'323.0 

360 

397 

436 

512 

690 

29 

71.80 

109.00 

145.00 

182.0 

220.0  257.01295.0  334.0 

372 

411 

450 

630 

609 

30 

74.20ill2.00 

150.00 

188.0  227.0  266.0,305.0  345.0 

384 

424 

4a5 

547 

629 

DIAMETER  AND  NUMBER  OF  WOOD  SOREWS. 


Formulas  for  Wood  Screws. 

No. 

Diameter. 

No. 

Diameter. 

No. 
22 

Diameter. 

^~  number 

0 

.056 

11 

.201 

.347 

5  =  diameter 

1 

.069 

12 

.215 

23 

.361 

^=  (iV^X  .01325)  + .056 

2 

.082 

13 

.228 

24 

.374 

,Y^D-.056 
.01326 

3 

.096 

14 

.241 

25 

.387 

4 

.109 

15 

.255 

26 

.401 

6 

.122 

16 

.268 

27 

.414 

6 

.136 

17 

.281 

28 

.427 

7 

.149 

18 

.293 

29 

.440 

8 

.162 

19 

.308 

30 

.463 

9 

.176 

20 

.321   ^ 

10 

.18H 

21 

■^^  Goo<i 
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WEIGHT  OF  MATERIALS, 


WEIGHT  OF  WROUGHT  IRON. 

The  following  table  is  for  wrought  iron.   Multiply  by  .95  for  weight  of  cast 
iron;  by  1.02  for  steel;  by  1.16  for  copper;  by  1.09  for  brass;  by  1.48  for  lead. 


Thiokness 

Weight 

Weight  of  a 

Weight  of  a 

Thickness 

Weight 

Weight  of  a 

Weight  of  a 

or 

of  a 

Square  Bar 
1  Ft.  Long. 

Round  Bar 

or 

of  a 

Square  Bar 

Round  B«T 

Diameter. 

Square  Foot. 

1  Ft.  Long. 

Diameter. 

Square  Foot. 

1  Ft.  Long. 

1  Ft.  Long. 

Inches. 

Pounds. 

Pounds. 

Pounds. 

Inches. 

Pounds. 

Pounds. 

Pounds. 

5.052 

.0526 

.0414 

4i 

176.8 

64.47 

50.63 

10.10 

.2105 

.1653 

4i 

181.9 

68.20 

53.57 

• 

15.16 

.4736 

.3720 

4* 

186.9 

72.05 

56.59 

20.21 

.8420 

.6613 

4* 

192.0 

75.99 

59.69 

25.26 

1.316 

1.033 

4i 

197.0 

80.05 

62.87 

30.31 

1.895 

1.488 

5 

202.1 

84.20 

66.13 

. 

35.37 

2.579 

2.025 

5i 

212.2 

92.83 

72.91 

40.42 

3.368 

2.645 

5 

222.3 

101.9 

80.02 

45.47 

4.263 

3.348 

5 

232.4 

111.4 

87.46 

50.52 

5.263 

4.133 

6 

242.5 

121.3 

95.23 

55.57 

6.368 

5.001 

6i 

252.6 

131.6 

103.3 

60.63 

7.578 

5.952 

6i 

262.7 

142.3 

111.8 

65.68 

8.893 

6.985 

6* 

272.8 

153.5 

120.5 

70.73 

10.31 

8.101 

7 

282.9 

165.0 

129.6 

It 

75.78 

11.84 

9.300 

n 

293.0 

177.0 

139.0 

2 

80.83 

13.47 

10.58 

7i 

303.1 

189.5 

148.8 

2J- 
2^ 

85.89 

15.21 

11.95 

7* 

313.2 

202.3 

158.9 

90.94 

17.05 

13.39 

8 

323.3 

215.6 

169.3 

21 

95.99 

19.00 

14.92 

8i 

333.4 

229.3 

180.1 

2i 

101.0 

21.05 

.16.53 

Sk 

343.5 

243.4 

191.1 

2i 

106.1 

23.21 

18.23 

8* 

353.6 

247.9 

202.5 

2* 

111.2 

25.47 

20.01 

9 

363.8 

272.8 

214.3 

2J 

116.2 

27.84 

21.87 

H 

373.9 

•288.2 

226.3 

3 

121.3 

30.31 

23.81 

n 

384.0 

304.0 

238.7 

3i 
3^ 

126.3 

32.89 

25.83 

n 

394.1 

320.2 

251.5 

131.4 

35.57 
38.3^ 

27.94 

10 

404.2 

336.8 

264.5 

31 

136.4 

30.13 

ioi 

414.3 

353.9 

277.9 

3i 

141.5 

41.26. 

32.41 

lOi 

424.4 

371.3 

291.6 

3i 

146.5 

44.26 

34.76 

m 

434.5 

389.2 

305.7 

3f 

151.6 

47.37 

37.20 

11 

444.6 

407.5 

320.1 

3t 

156.6 

50.57 

39.72 

IH 

454.7 

426.3 

334.8 

4 

161.7 

53.89 

42.33 

lU 

464.8 

445.4 

349.8 

t 

166.7 

57.31 

.  45.01 

11* 

474.9 

465.0 

365.2 

171.8 

60.84 

47.78 

12 

485.0 

485.0 

380.9 

Spikes  and  Nails. 


Standard  Steel- Wire  Nails. 

Steel-'^''*o  Snibaa 

Comr>'^"  Ti.Awi  Wall. 

Sites. 

Length. 

Common. 

Finishing. 

In. 

Diam. 

No,  per 

Diam. 

No.  per 

Length. 

Diam. 

No.  per 

Size 

Length. 

No.  per 

In. 

Lb. 

In. 

Lb. 

In. 

In. 

Lb. 

In. 

Lb. 

2d 

1 

.0524 

1,060 

.0453 

1,558 

3 

.1620 

41 

2d 

1 

800 

3d 

li 

.0588 

640 

.0508 

913 

3i 

.1819 

30 

3d 

li 

400 

4d 

1: 

.0720 

380 

.0508 

761 

4 

.2043 

23 

4d 

1 

300 

6d 

1 

.0764 

275 

.0571 

500 

4i 

.2294 

17 

5d 

1 

200 

6d 

2 

.0808 

210 

.0641 

350 

5 

.2576 

13 

6d 

2 

150 

7d 

2i 

.0858 

160 

.0641 

315 

5i 

.2893 

11 

7d 

2i 

120 

8d 

2i 

.0935 

115 

.0720 

214 

6 

.2893 

10 

8d 

2i 

85 

9d 

21 

.0963 

93 

.0720 

195 

6i 

.2249 

7* 

9d 

2* 

75 

lOd 

3 

.1082 

77 

.0808 

137 

7 

.2249 

7 

lOd 

3 

60 

12d 

3i 

.1144 

60 

.0808 

127 

8 

.3648 

5 

12d 

3i 

50 

16d 

3i 

.1285 

48 

.0907 

90 

9 

.3618 

^ 

16d 

3i 

40 

20d 

4 

.1620 

31 

.1019 

62 

20d 

4 

20 

30d 

4* 

.1819 

22 

30d 

4i 

16 

40d 

5 

.2043 

17 

40d 

5 

14 

60d 

5i 

.2294 

13 

50d 

5i 

11 

60d 

6 

.2576 

n 

r^ 

nn^ 

6 

8 

byGoe 
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Weight,  in  Pounds,  of  l  Lineal  Foot  of  Wrought  Iron— Flat. 

Multiply  by  .95  for  weight  of  cast  iron;  by  1.02  for  weight  of  steel;  by  1.16 
for  copper;  by  1.09  for  brass;  by  1.48  for  lead. 


Size. 

Weight. 

Size. 

Weight. 

Size. 

Weight. 

Inches. 

Pounds. 

Inches. 

Pounds. 

Inches. 

Pounds. 

1   Xi 

0.85 

5iXt 

6.65 

4   Xt 

8.45 

UXt 

1.06 

5*Xt 

6.97 

4iXt 

8.98 

UXi 

1.27 

51X1 

7.29 

4iXt 

9.51 

liXi 

1.48 

6    XI 

7.60 

4*Xi 

10.03 

2   Xi 

1.69 

5   Xt 

10.56 

2iXi 

1.90 

1    Xi 

1.69 

5iXi 

11.09 

2iXi 

2.11 

UXi 

2.11 

5iXi 

11.62 

21  Xi 

2.32 

UXi 

2.53 

51  Xt 

12.15 

3    Xt 

2.58 

i*xt 

2.96 

6   Xt 

12.67 

3iXi 

2.75 

2    Xi 

3.38 

3iXi 

2.96 

21  Xi 

3.80 

1    Xi 

2.53 

MXi 

3.17 

2iXi 

4.22 

UXi 

3.17 

4    Xt 
4iXi 

3.38 

2*Xi 

4.65 

UX* 

3.80 

3.59 

3    Xi 

5.07 

UX* 

4.44 

4iXi 

-8.80 

3iXi 

5.49 

2    X* 

?).07 

4JXi 

4.01 

3iXi 

5.92 

2iX* 

5.70 

5   Xi 

4.22 

3*Xi 

6.33 

2iX* 

•  6.33 

5iXi 

4.44 

4    Xi 

6.76 

2*X* 

6.97 

.HXt 

4.65 

4iXi 

7.18 

3    X* 

7.60 

5*X- 

4.86 

4iXi 

7.60 

3tX* 

8.24 

6   Xi 

6.07 

4*Xi 

8.03 

3iX* 

8.87 

5    Xi 

8.45 

3*X* 

9.51 

I   XI 

1.27 

6iXi 

8.87 

4    X* 

10.14 

UX 

1.58 

5iXi 

9.30 

4iX* 

10.77 

UX 

1.90 

5JXi 

9.72 

4iX* 

11.41 

11  X 

2.22 

6   Xi 

10.14 

4*X: 

12.04 

2   X 

2.53 

5    X 

12.67 

2iX 

2.85 

1    Xi 

2.11 

5iX    ■ 

13.31 

2iX 

3.17 

UX 

2.64 

6iX 

13.94 

2*X 

.3.49 

liX 

3.17 

5*X 

14.57 

S   X  f 

3.80 

UX 

3.70 

6    X* 

15.21 

Six  ^ 

4;12 

2  X 

4.22 

3iX 

4.44 

2iX 

4.75 

liXl 

5.07 

3*X 

4.75 

2i  X 

5.28 

2    XI 

6.76 

4  X 

5.07 

2*X 

5.81 

3    XI 

10.14 

4iX 

5.39 

8    X 

6.33 

4    XI 

13.52 

4iX 

5.70 

3iX 

6.87 

5    XI 

16.90 

4*X 

6.02 

3iX 

7.39 

6    XI 

20.28 

5  X 

,   6.33     . 

8*Xi 

7.92 

7    XI 

23.66 

Strength.  OF  Metals  in  Pounds  per  Square  Inch. 


Material. 


Wrought  iron 
Sb&peiron 

Structural  steel | 

Castiron    

StA<»l,  castings 

Brass,  cast 

Bronze,  phosphor 

Bronze,  aluminum 
Aluminum,  commercial 


Ultimate 


Ultimate  I 


Ultimate 


Modulus , 


Modulus 
of 


uiumate    ri^Tntirn*    iJAiimaie  f        ,         oi 

Tensile.    ^^S^"^^  Shearing,  r,  °L-^  .Elasticity. 
I     sion.  ^    Rupture.   Millions. 


60,000 
48,000 
60,000 
65,000 
18,000 
70,000 
24,000 
50,000 
75,000 
15.000 


44,000 


52,000 
81,000 
70,000 
*30,000 

120,000 
12,000 


44,000  I  48,000 


52,000 
25,000 
60,000 
36,000 


12.000 


60,000 
415,000 
70,000 
20,000 


Millions. 

27 
26 

29 
12 
30 


♦Unit  stress  producing  lOjt  reduction  in  original  lengtlgQQgl^ 
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WEIGHT  OF  MATERIALS. 


Weight  of  Wrought-Iron  Boltheadb,  Nuts,  anb  Washebs. 


Diameter  of 
Bolt. 

Hexagon  Heads 
and  Nuts. 

Square  Heads 
and  Nuts. 

Round  Wasbera. 

Inches. 

Per  Pair. 

Per  Pair. 

rci  riusr. 

i 

20  to  a  lb. 

16  to  a  lb. 

20  to  a 

lb. 

! 

10  to  a  lb. 

ai  to  a  lb. 

10  to  a 

lb. 

5   to  a  lb. 

44  to  a  lb. 
2{  to  a  lb. 

5toa 

lb. 

1 

21  to  a  lb. 

3  to  a  lb. 

1 

2  to  a  lb. 

0.56  lb. 

0.631b 

i 

0.77  lb. 

0.881b. 

0.77  lb 

1 

1.251b. 

1.31  lb. 

1.251b 

11 

1.75  lb. 

2.10  lb. 

1.751b 

, 

2.13  lb. 

2.561b. 

2.251b 

If 

3.00  lb. 

3.60  lb. 

3.251b 

. 

ll 

3.75  lb. 

4.42  lb. 

4.25  lb. 

li 

175  lb. 

5.70  lb. 

5.251b 

U 

5.75  lb. 

7.00  lb. 

6.60  lb 

u 

7.27  lb. 

8.72  lb. 

8.001b 

2 

B.75  lb. 

10.50  lb. 

9.601b 

Weight  of  100  Bolts  With  Square  Heads  and  Nuts. 

( The  Carnegie  Sted  Co.,  Limited. 

Diameter  of  Bolts. 

Length 
Under 
Head  to 

Point. 

K. 

K 

^b. 

K 

L 

K. 

E. 

K. 

1" 
Lb. 

li 

4.0 

7.0 

10.5 

15.2 

22.5 

39.5 

63.0 

11 

4.4 

7.5 

11.3 

15.3 

23.8 

41.6 

66.0 

2 

4.8 

8.0 

12.0 

17.4 

25.2 

48.8 

69.0 

109.0 

163 

2i 

5.2 

8.5 

12.8 

18.5 

26.5 

45.8 

72.0 

113.3 

169 

2i 

5.5 

9.0 

13.5 

19.6 

27.8 

48.0 

75.0 

117.5 

174 

21 

5.8 

9.5 

14.3 

20.7 

29.1 

50.1 

78.0 

121.8 

180 

3 

6.3 

10.0 

15.0 

21.8 

30.5 

62.3 

81.0 

126.0 

185 

3i 

7.0 

11.0 

16.5 

24.0 

33.1 

66.5 

87.0 

134.3 

196 

4 

7.8 

12.0 

18.0 

26.2 

35.8 

60.8 

93.1 

142.5 

207 

4i 

8.5 

13.0 

19.5 

28.4 

38.4 

65.0 

99.1 

151.0 

218 

5 

9.3 

14.0 

21.0 

30.6 

41.1 

69.3 

105.2 

159.6 

229 

-     5i 

10.0 

15.0 

22.5 

32.8 

43.7 

73.5 

111.3 

168.0 

240 

6 

10.8 

16.0 

24.0 

36.0 

46.4 

77.8 

117.3 

176.6 

251 

e\ 

25.5 

37.2 

49.0 

82.0 

123.4 

185.0 

262 

7 

27.0 

89.4 

51.7 

86.3 

129.4 

193.7 

273 

7i 

28.5 

41.6 

54.3 

90.5 

136.0 

202.0 

284 

8 

30.0 

43.8 

69.6 

94.8 

141.5 

210.7 

295 

9 

46.0 

64.9 

103.3 

163.6 

227.8 

817 

10 

48.2 

70.2 

111.8 

166.7 

224.8 

339 

11 

50.4 

75.5 

120.3 

177.8 

261.9 

360 

12 

52.6 

80.8 

128.8 

189.9 

278.9 

382 

13 

86.1 

137.3 

202.0 

296.0 

404 

14 

91.4 

145.8 

214.1 

318.0 

426 

15 

96.7 

154.3 

226.2 

330.1 

448 

16 

102.0 

162.8 

238.3 

847.1 

470 

17 

107.3 

171.0 

250.4 

864.2 

492 

•     18 

112.6 

179.5 

262.6 

381.2 

514 

19 

117.9 

188.0 

274.7 

898.3 

686 

20 

1 

:    123.2 

206.5 

286.8 

415.8 

668 

Per  Inch 
\ddltal. 

1.4 

2.1 

3.1 

4.2 

5.5 

8.5 

12.3 

.  16.7 

21.8 
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IRON  RKQUIRKD  FOR  ONK  MILK  OF  TRAOK.    ' 

Tons  op  Iron. 
R«l«. — To  find  the  number  0/  tons  0/  raiU  to  the  mile,  divide  the  weight  per  yard 
7,  and  mtdtiply  by  11.    Thus,  for  SS-pound  rat2,  divide  66  by  7  equal  8^  muUi- 
-ied  by  11  equal  88  tons,  for  1  mile  of  single  track. 


Weight  of 

Tom  per  Mile. 

Weight  of 

Tons  per  Mile. 

Rail  per  Yard. 
FouDcla. 

RaII  ner  Yftid' 

Tons. 

Pounds. 

Pounds. 

Tons. 

Pounds. 

12 

18 

1,920 

45 

70 

1,600 

14 

22 

48 

76 

960 

16 

25 

820 

60 

78 

1,280 

18 

28 

640 

52 

81 

1,600 

20 

31 

960 

56 

88 

22 

34 

1,280 

67 

89 

1,280 

25 

39 

640 

60 

94 

640 

26 

40 

1,920 

62 

97 

960 

27 

42 

960 

64 

100 

1,280 

28 

44 

65 

102 

320 

30 

47 

-  820 

68 

106 

1,920 

33 

61 

1,920 

70 

110 

35 

55 

72 

113 

820 

40 

62 

1,920 

76 

119 

960 

NuMBXB  OF  Rails,  Splices,  and  Bolts  pes  Mile  of  Track. 


Length  of 
Rail.   Feet. 

No.  of  Rails 
pier  Mile. 

No.of  SpUces. 

No.  of  Bolts, 

4  to  Each 

Joint. 

No.  of  Bolts, 

6  to  Each 

Joint. 

18 

584 

1,168 

2,336 

3,504 

20 

528         , 

1,056 

2,112 

3,168 

21 

503 

1,006 

2,012 

3,018 

22 

480 

960 

1,920 

2,880 

24 

440 

880 

1,760 

2,640 

26 

422 

844 

1,688 

2,532 

26 

406 

812 

1,624 

2,436 

27 

391 

782 

1,564 

2,346 

28 

377 

754 

1,508 

2,262 

30 

352 

704 

1,408 

2,112 

Railroad  Spikbb  per  Mile 

OF  Track. 

%ze  Measured 
Under  Head. 

Averaee  No. 
Of200  Lb. 

Ties  2  Ft.  Between  Centers, 
4  Spikes  to  a  Tie. 

Ralls  Used. 
Pounds  per 

Inches. 

Pounds. 

Kegs. 

Yard. 

5JXft 

875 

5.870 

29J 

45  to  70 

5   XA 

400 

5,170 

26 

40  to  56 

5   Xt 

m 

4,660 

231 

35to40 

4iXU 

530 

3,960 

20 

28to35 

4   X* 

600 

3,520 

171 

24to35 

4iXA 

680 

3,110 

15i 

20  to  30 

4   Xh 

720 

2,910 

14* 

3iXA 

900 

2,350 

11 

16  to  25 

4  X 

1,000 

2,090 

lOi 

SIX 

1,190 

1,780 

9 

•     16  to  20 

3   X 

1,240 

1,710 

7* 

2iXi 

1,342 

1,575 

iitizedbvG  00 

,    12  to  16 
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WIRE  ROPES. 

Wire  ropes  for  mine  use  axe  made  of  either  iron  or  steel,  and  are  gener- 
ally round.  Flat  wire  ropes  are  sometimes  used,  but  the  round  rope  is  the 
favorite  for  many  reasons,  and  is  generally  used  in  American  practice, 
excepting  in  some  of  the  deep  metal  mines  having  small  compartment  shafts. 

Taper  ropes  are  sometimes  used,  the  idea  being  to  produce  a  rope  of  uni- 
form strength,  that  is,  to  have  it  less  strong  and  of  less  diameter  at  the  cage 
end,  where  the  load  is  least,  and  greater  in  strength  and  diameter  at  the 
drum  end,  where  the  load  is  greatest.  The  theory  is  correct,  and  some 
weight  of  rope  is  saved}  but  practically  there  is  not  much  advantage,  and  it 
is  ooubtAil  whether  temper  ropes  will  ever  be  generally  used.  The  long- 
established  conviction  that  the  best  of  all  ropes  for  colliery  use  is  a  round 
one  made  of  steel  or  iron  has  never  been  overcome  and  probably  never 
will  be. 

Steel  ropes  are  in  mbst  respects  superior  to  iron  ropes,  and  are  therefore 
gaining  in  favor  every  year.  The  principal  advantage  of  a  steel  rope  is  that 
ft  has  a  greater  strength  than  an  iron  rope  of  equal  diameter;  consequently, 
it  can  be  made  lighter  and  can  pass  around  pulleys  and  drums  with  less 
injury  than  an  iron  rope  of  equal  strength. 

In  fastening  a  rope  to  a  drum  there  is  often  a  grievous  error  made.  Men 
who  will  not  think  of  passing  a  rope  around  a  pulley  of  too  small  diameter 
will  insert  it  in  the  drum  rim  in  such  a  way 
as  to  make  a  very  sharp  curve,  and  make  a 
weak  point  in  the  rope  that  would  not  other- 
wise exist.  In  the  accompanying  cut  (a) 
shows  the  right  and  (6)  the  wrong  way  of 
passing  t^e  rope  through  the  drum  rim. 

The  securing  of  the  rope  to  the  drum  or 
the  drum  shaft  by  several  coils  around  each  is  unnecessary.  With  one  coll 
around  either  the  drum  or  the  shaft,  a  pull  oC  1  lb.  will  resist  a  weight  of 
91b.;  if  two  coils,  a  pull  of  1  lb.  will  resist  9X  9,  or  81  lb.;  if  three  coils, 
9  X  9  X  9,  or  729  lb.;  and  so  on,  multiplying  the  former  result  by  9  for  each 
additional  coll. 

No  rope  should  be  subjected  to  a  load  ^^re^ter  than  the  safe  working 
strain.  There  is,  of  course,  in  all  cases,  a  wide  margin  between  the  break- 
ing strain  and  the  working  load,  and  on  this  account  it  is  supposed  that  no 
risk  is  run  hy  putting  on  a  load  considerably  in  excess  of  the  maker's  safe 
working  strain.  This  is  a  mistake;  and  it  is  false  economy.  A  rope  over- 
loaded IS  unduly  strained,  and,  although  showing  no  defect  at  the  moment, 
it  will  some  day  give  way  without  warning.  Drums  and  rope  pulleys 
should  have  as  great  diameters  as  the  engines  will  allow.  Ropes  should  be 
regularly  and  properly  greased.  This  can  best  be  done  with  brushes,  but 
brush  greasing  takes  considerable  time.  While  it  pay&  in  the  long  run,  It  is 
not  always  convenient  to  use  brushes.  A  fairly  good  and  cheap  amuage- 
ment  for  greasing  ropes  is  to  make  a  wooden  trough,  wide  at  top,  and  small 
enough  at  bottom  to  fit  loosely  around  the  rope.  Make  a  mixture  of  1 
barrel  of  coal  tar  or  pitch  tar  to  1  bushel  of  fresh  slaked  lime,  and  boil  it 
well.  Then  fill  the  trough  with  this  mixture  and  run  the  rope  slowly 
through  it. 

A  rope  should  not  be  changed  from  a  large  drum  to  a  small  one,  for  it 
will  not  work  so  well,  neither  will  it  last  as  long.  This  is-  also  true,  but  in  a 
lesser  degree,  of  ropes  changed  from  a  small  drum  to  a  large  one.  After 
having  been  used  for  some  time  on  a  drum,  the  rope  adapts  itself  to  that 
diameter  and  resents  a  change.  Rope  sheaves  should  be  made  to  fit  the 
rope,  and  should  be  filled  in  with  well-seasoned  blocks  of  oak  or  other  hard 
wood,  set  on  end.    This  will  save  the  rope  and  increase  adhesion. 

Where  great  flexibility  is  required,  such  as  in  hoisting  ropes,  the  strands 
are  usually  made  up  of  19  wires  each,  while  haulage  ropes  have  but  7  wires 
to  the  strand;  yet,  both  kinds  have  6  strands.  A  hemp  core  Is  generally 
used,  and  in  some  cases  a  core  is  also  placed  in  each  strand,  to  ftirther  increase 
the  flexibility  of  the  rope. 

The  lay  of  the  rope  is  the  twist  or  pitch  of  the  wires  in  the  strand,  or  of 
the  strands  in  the  rope.  As  the  lay  of  the  wires  is  less  than  that  of  the 
strands,  each  wire  is  exposed  to  external  wear  for  short  distances  at  intervals 
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long  the  rope.  In  the  ordinary  lay,  Fig.  (a),  the  wires  are  twisted  In 
fie  opposite  direction  to  the  strands.  This  method  prevents  the  rope  from 
MTiasting  when  in  use,  and  the  wires  from  unraveling  when  they  are  worn 
prough  or  broken  at  the  surface.  In  the  Lang  lay,  Fig.  (6),  the  wires 
pe  twisted  in  the  same  direction  as  the  strands,  thus  giving  each  wire  a 
neater  wearinsr  surface,  while  the  rope  is  smoother  and  will  wear  longer. 
After  the  wires  begin  to  break,  unraveling  becomes  troublesome,  and  it  is 
■ore  difficult  to  splice  a  Lang  lay  rope  than  an  ordinary  lay  one.  Hoisting 
bpes,  especially  those  used  to  raise  and  lower  men,  should  not  be  spliced, 
rhe  locked  w^ire  rope,  a  cross-section  of  which  is  shown  in  Fig.  (c),  consists 
tf  wires  of  special  cross-section  formed  in  concentric  layers.  The  lay  of 
016  inner  wires  is  opposite  to  that  of  the  outer  ones,  and  somewhat  longer. 
litis  prevents  untwisting,  and  brings  the  greater  stress  upon  the  outade 


layer,  which  is  supposed  to  give  way  first.  The  inside  layer,  although  inac- 
cessible, and  therefore  cannot  be  inspected  or  oiled,  can  be  relied  upon 
until  the  external  portion  of  the  rope  wears  out.  This  form  of  rope  has  a 
aoooth  cylindrical  surface,  but  it  is  not  so  flexible  as  the  other  forms,  and  is 
most  suitable  for  haulage  purposes  or  bucket  transportation.  The  life  of  a 
steel  rope  depends  largely  on  the  conditions  to  whicn  it  is  subjected,  and  the 
care  it  receives.  At  some  mines  the  ropes  must  be  changed  every  six 
months,  while  at  others  the  ropes  last  for  one  year  and  longer.  Where  the 
rope  enters  the  socket  by  which  it  is  attached  to  the  cage  is  perhaps  the 
place  where  signs  of  weakness  will  first  appear.  This  point  should  be  fre- 
quently inspected,  and  a  new  connection  made  every  two  or  three  months 
by  cutting  a  few  feet  off  the  end  and  paying  it  out  fh)m  the  drum  end. 


WEIGHTS   AND    STRENGTHS   OF   WIRE    ROPES. 

Flat  Ropes. 
(Trenton  Iron  Co.,  Trenton,  N.J.) 


Breaking  Stress. 

Approximate 

Weight  per  Foot. 

Pounds. 

(Approximate.)    Pounds. 

Size.    Inches. 

•  Iron. 

Cast  Steel. 

2  X* 

1.35 

20,000 

40,000 

24X1 

1.70 

25,000 

60,000 

3   XI 

2.05 

30,000 

60,000 

3iX 

2.40 

35,000 

70,000 

4   Xf 

2.75 

40,000 

80,000 

5   XI 

3.45 

50.000 

100,000 

6  XI 

4.15 

60,000 

120,000 

3  XI 

2.40 

37,500 

75,000 

3iX| 

2.85 

43,750 

87,500 

4   XI 

3.30 

50,000 

100,000 

5   XI 

4.20 

62,500 

125,000 

6  XI 

7  XI 

5.10 

75,000 

150,000 

6.00 

87,500 

175.000 

8  XI 

6.90 

100,000 

200,000 

For  safe  working  load  allow  ftom  one-fifth  to  one-seventh  of  the  break- 
ing stress,  o 


120 


WIRE  ROPES. 


COXPOSID  OF  6  8TBAND6  AND  A  HEMP  CENTBB,  19  WIBE8  TO  THE  STBAND. 

{John  A.  Roebling'a  Sont  Co.,  Trenton,  N.  J.) 
Swedish  Ibon. 


ll 

l|     ■ 

l\l 

roximate 
•caking 
In.    Tons 
2,000  Lb. 

owable 
orking 
In.    Tons 
2,000  Lb. 

nimum 
of  Drum 
Sheave. 
Feet. 

^ 

^t—t 

^i 

^ «- 

ri"^ 

<^B^ 

S|= 

1 

21 

3 

8.00 

78.0 

15.60 

13 

2 

2 

6.30 

62.0 

12.40 

12 

3 

11 

bh 

4.85 

48.0 

9.60 

10 

4 

If 

5 

4.15 

42.0 

8.40 

8i 

5 

u 

4* 

3.55 

36.0 

7.20 

7k 

H 

11 

4i 

3.00 

31.0 

6.20 

7 

6 

4 

2.45 

25.0 

5.00 

6i 

7 

u 

81 

2.00 

21.0 

4.20 

6 

8 

1 

3 

1.58 

17.0 

3.40 

5i 

9 

t 

2} 

1.20 

13.0 

2.60 

4* 

10 

2J 

■       .89 

9.7 

1.94 

4 

10; 

2 

.62 

6.8 

1.36 

3i 

10 

11 

11 

.60 

6.5 

LIO 

2f 

10 

IJ 

.39 

4.4 

.88 

2i 

10a 

A 

.30 

3.4 

.68 

2 

10b 

1 

li 

.22 

2.5 

.50 

li 

10c 

X 

1 

.15 

1.7 

.34 

1 

.   lOd 

V 

♦ 

.10 

1.2 

.24 

1 

Cast  Steel. 


1 

2i 

9 

8.00 

156.0 

31.20 

8i 

2 

2 

6.30 

124.0 

24.80 

8 

3 

U 

6* 

4.85 

96.0 

19.20 

7i 

4 

5 

4.15 

84.0 

16.80 

6i 

6 

4i 

3.55 

72.0 

14.40 

6} 

H 

4^ 

3.00 

62.0 

12.40 

5i 

6 

4 

•2.45 

50.0 

10.00 

5 

7 

3i 

2.00 

42.0 

8.40 

4i 

8 

3          J 

1.58 

34.0 

6.80 

4 

9 

2* 

1.20 

26.0 

5.20 

3i 

10 

2i 

.89 

19.4 

3.88 

3 

lOJ 

i 

2 

.62 

13.6 

2.72 

2i 

10* 

t 

1} 

.50 

11.0 

2.20 

u 

10} 

li 

.39 

8.8 

1.76 

li 

lOo 

A 

u 

.30 

6.8 

1.36 

u 

10b 

1 

li 

.22 

5.0 

1.00 

1 

10c 

f 

1 

.15 

3.4 

.68 

» 

lOd 

1 

.10 

2.4 

.48 

i 

PLOW-STKKL  ROPK. 

Wire  ropes  of  very  high  tensile  strength,  which  are  ordinarily  called 
"plow-steel  ropes,"  are  made  of  a  high  grade  of  crucible  steel,  which, 
when  put  in  the  form  of  wire,  will  bear  a  stress  of  from  100  to  150  tons  per 
square  inch.  Where  it  is  necessary  to  use  very  long  or  very  heavy  ropes,  a 
reduction  of  the  dead  weight  of  ropes  becomes  a  matter  of  serious  conader- 
ation.  It  is  advisable  to  reduce  all  bends  to  a  minimum,  and  to  use  some- 
"■"hat  larger  drums  or  sheaves  than  are  suitable  for  an  ordinary  crucible 

3  having  a  strength  of  60  to  80  tons  per  square  inch. 
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Plow-Steel  Rope— With  6  Stbakds  and  ▲  Hemp  Center,  19  Wires  to 
THE  Strand. 


Trade 
Number. 

Is 

Approximate 

Circumfer- 
ence.   Inches. 

fi 

Approximate 

Breaking 

Strain.    Tons 

of  2,000  Lb. 

Allowable 

Working 

Strain.    Tons 

of  2,000  Lb. 

Minimum 

Size  of  Drum 

or  Sheave. 

Feet. 

21 

H* 

11.95 

305.00 

61.00 

11 

2I 

7 

9.85 

254.00 

60.80 

10 

1 

7 

&00 

208.00 

41.60 

9 

2 

2 

6.90 

165.00 

83.00 

8 

3 

11 

5* 

4.85 

128.00 

25.60 

7* 

4 

11 

5 

4.15 

111.00 

22.20 

6 

5 

u 

4} 

3.55 

96.00 

19.20 

5* 

H 

11 

4i 

3.00 

82.00 

16.40 

H 

6 

4 

2.45 

67.00 

13.40 

5 

7 

11 

3* 

2.00 

56.00 

11.20 

4i 

8 

1 

3 

1.58 

44.00 

8.80 

4i 

9 

i 

2} 

1.20 

34.00 

6.80 

3* 

10 

i 

2i 

.89 

25.00 

5.00 

3i 

lOi 

Jl 

2 

.62 

18.00 

3.60 

3 

10* 

1* 

.50 

14.50 

2.90 

2i 

10» 

J 

U 

.39 

11.40 

2.28 

2 

10a 

t^ 

u 

.30 

8.85 

1.77 

Ik 

106 

4 

u 

.22 

6.55 

1.31 

1 

10c 

J^ 

1 

.15 

4.50 

.90 

i 

lOd 

* 

1 

.10 

3.00 

.60 

1 

Plow-Steel  Rope— With  7  Wires  to  the  Strand. 


11 

U 

41 

3.55 

91.00 

18.20 

8i 

12 

4i 

3.00 

78.00 

15.60 

8 

13 

4 

2.45 

W.OO 

12.80 

7-i 

14 

3* 

2.00 

53.00 

10.60 

6j 

16 

3 

1.58 

42.00 

8.40 
6.40 

54 

16 

i 

.     2f 

1.20 

32.00 

5 

17 

} 

2A 

.89 

24.00 

4.80 

4 

18 

f 

2- 

.75 

21.00 

4.20 

3i 

19 

2 

.62 

17.00 

3.40 

3 

20  . 

A 

1* 

.50 

14.00 

2.80 

2* 

21 

i 

1* 

.39 

11.00 

2.20 

2* 

22 

U 

.30 

8.55 

1.71 

2 

23 

1 

H 

,22 

6.35 

1.27 

u 

24 

JL 

1 

.15 

4.35 

.87 

li 

25 

JL 

i 

.125 

3.65 

^.73 

1 

iitize 

e 

122 


WIRE  ROPES. 


TRANSMISSION    OR    HAULAGE    ROPE. 

COHPOSED  OF  6  Strands  and  a  Hemp  Center,  7  Wires  to  the  Strand. 
Swedish  Iron. 


il 

hi 

Approximate 

Breaking 

Strain.    Tons 

of  2,000  Lb. 

Allowable 

Working 

Strain.    Tons 

of  2,000  Lb. 

Minimum 

Size  of  Drum 

or  Sheave. 

Feet. 

11 

u 

4* 

3.550 

34.00 

6.80 

13 

12 

4i 

3.000 

29.00 

5.80 

32 

13 

4 

2.450 

24.00 

4.80 

10* 

14 

li 

3i 

2.000 

20.00 

4.00 

9* 

15 

3 

1.580 

16.00 

3.20 

8* 

16 

i 

2J 

1.200 

12.00 

2.40 

7i 

17 

k 

2i 

.890 

9.30 

1.86 

6* 

18 

? 

2J 

.750 

7.90 

1.58 

6 

19 

2 

.620 

6.60 

1.32 

5i 

20 

A 

U 

.500 

5.30 

1.06 

4i 

21 

i 

u 

.390 

4.20 

.84 

4 

22 

t 

u 

.300 

3.30 

.66 

3i 

23 

H 

.220 

2.40 

.48 

2f 

24 

t 

1 

.150 

1.70 

.34 

2i 

25 

i 

.125 

1.40 

.28 

2i 

Cast  Steel. 


11 

li 

4J 

3.55 

68.00 

13.60 

8i 

12 

4i 

3.00 

58.00 

11.60 

8 

13 

4 

2.45 

48.00 

9.60 

7i 

14 

3i   . 

2.00 

40.00 

8.00 

6i 

15 

3 

1.58 

32.00 

6.40 

51 

16 

i 

2* 

L20 

24.00 

4.80 

5 

17 

i 

2i 

.89 

18.60 

3.72 

4i 

18 

H 

2i 

.75 

15.80 

3.16 

4 

19 

Y 

2 

.62 

13.20 

2.64 

3i 

20 

A 

IJ 

.50 

10.60 

2.12 

3 

21 

1 

U 

.39 

8.40 

1.68 

2i 

22 

^ 

U 

.30 

6.60 

1.32 

2i 

23 

A 

u 

.22 

4.80 

.96 

2 

24 

1 

.15 

3.40 

.68 

11 

25 

A 

1 

.125 

2.80 

.56 

U 

The  rope  usually  employed  for  transmission  of  power  is  a  seven-wire  iron 
rope.  Ropes  of  twelve  and  also  of  nineteen  wires  to  the  strand  are  ftequently 
suDstituted,  where  it  is  impracticable  to  use  the  larger  sheaves  which  seven- 
wire  ropes  require.  The  driving  sheaves  should  always  be  lined  with  some 
flexible  material,  such  as  a  packing  of  rubber  and  leather. 

The  shortest  practicable  span  is  found  by  experience  to  be  about  50  feet. 
The  following  table  gives  the  proper  deflections  at  center  of  span  to  secure 
the  most  economical  results: 

Table  of  Deflections. 


It  is  frequently  convenient  to  use  sheaves  of  diffierent  sizes,  in  order  to 
btain  the  requisite  speed  in  the  driven  mechanism.    In  such  cases  the 
v^er  transmitted  will  be  the  same  as  if  both  were  of  the  diameter  of  the 
aller  sheave.  .  ^ 
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TRESS  IN    HOISTING    ROPES  ON    INCLINED  PLANES  OF  VARIOUS 
DEGREES. 

(From  **  Wire-Rope  Transportation^"  published  by  Trenton  Iron  Co.) 
The  following  table  is  based  upon  an  allowance  of  40  lb.  per  ton  for 
illlng  friction,  but  there  will  be  an  additional  stress  due  to  the  weight  of 
le  rope  and  inclination  of  the  plane. 


lorizontal.' 
Ft. 

Inclination. 

Stress  in  Lb. 

per  Ton 
of  2,000  Lb. 

Rise  per 

100  Ft. 

Horizontal. 

Ft. 

Inclination. 

StressinLb. 

per  Ton 
of  2,000  Lb. 

5 

2°  52' 

140 

105 

46°  24' 

1,484 

10 

5°  43' 

240 

110 

47°  44' 

1,516 

15 

8°  32^ 

336 

115 

49°  00' 

1,535 

20 

lloiC 

432 

120 

50°  12' 

1,573 

25 

14°  03' 

527 

125 

51°  21' 

1,597 

30 

16°  42' 

613 

130 

52°  26' 

1,620 

35 

19°  18' 

700 

135 

53°  29' 

1,642 

40 

21°  4^ 

782 

140 

54°  28' 

1,663 

45 

24°  14' 

860 

145 

55°  25' 

1,682 

50 

26°  34f 

933 

150 

56°  19' 

1,699 

55 

28P  49' 

1,003 

155 

57°  11' 

1,716 

60 

30°  58' 

1,067 

160 

58°  00' 

1,730 

65 

33°  02' 

1,128 

165 

58°  47' 

1,744 

70 

35°  00' 

1,185 

170 

59°  33' 

1,758 

75 

36°  53' 

1,238 

175 

60°  16' 

1,771 

80 

38°  40' 

1,287 

180 

60°  57' 

1,782 

85 

40°  22' 

1,332 

185 

61°  37' 

1,794 

90 

42°  00' 

1,375 

190 

62°  15' 

1,804 

95 

43°.  32^ 

1,415 

195 

62°  52' 

1,813 

m 

45°  00' 

1,450 

200 

63°  27' 

1,822 

RELATIVE   EFFECTS  OF  VARIOUS   SIZED  SHEAVES  OR   DRUMS   ON 
THE   LIFE  OF  WIRE   ROPES. 

Mine  officials  and  other  users  of  wire  rox>es  have  often  felt  the  want  of  a 
table  or  set  of  tables  that  would  enable  them  to  determine  at  a  glance  what 
effect  the  use  of  various  sized  sheaves  would  have  on  various  sized  ropes. 
The  following  tables  have  been  specially  prepared  for  the  Coal  and  Metal 
Miner's  Pocketbook  by  Mr.  Thomas  E.  Hughes,  of  Pittsburg,  Pa. 

CAST-STCCL     ROPC8     FOR     INCLINES. 

Ma.de  of  6  Strands  of  7  Wires  Each,  Laid  Around  a  Hemp  Core. 


Diameters  of  Sheaves  or  Drums  in  Feet,  Showing  Percentages 

of 
Inches. 

of  Life  for  Various  Diameters. 

lOOji 

90^      1  .    80^ 

15^ 

605i 

50j( 

25)( 

U 

16.00 

14.00 

12.00 

11.00 

9.00 

7.00 

4.75 

11 

14.00 

12.00 

10.00 

8.50 

7.00 

6.00 

4.50 

if 

12.00 

10.00 

8.00 

7.25 

6.00 

5.50 

4.25 

Ij 

,    10.00 

.     8.50 

7.75 

7.00 

6.00 

5.00 

4.00 

1 

8.50 

7.75 

.     6.75 

6.00 

5.00 

4.50 

3.75 

i 

7.75 

7.00 

6.25 

5.75 

4.50 

3.75 

3.25 

i 

7.00 

6.25 

5.50 

5.00 

4.25 

3.50 

2.75 

6.00 

5.25 

4.50 

4.00 

3.25 

3.00 

2.50 

5.00 

4.60 

4.00 

3.50 

2.75 

2.25 

1.75 

.  Note.— We  do  not  publish  a  table  of  iron  ropes  for  inclines,  as  the  use  of 
iron  ropes  for  this  purpose  has  been  generally  abandoned,  steel  ropes  being 
far  more  satisfactory  and  economical  .  ^ 
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Made  of  6  Strands  op  19  Wires  Each,  Laid  Around  a  Hemp  Core. 


Diameter 
of 

Diameters  of  Sheaves  or  Drums  in  Feet,  Showing  Percentages 

of  Life  for  various  Diameters. 

Rope. 
Inches. 

lOOjfi 

905< 

80j< 

7556 

60j( 

505^ 

25jf 

n 

14.00 

12.00 

10.00 

8.50 

7.00 

6.00 

4.50 

12.00 

10.00 

8.00 

7.00 

6.00 

5.25 

4.25 

10.00 

8.50 

•      7.50 

6.75 

5.50 

5.00 

4.00 

9.00 

7.50 

6.50 

5.50 

5.00 

4.50 

3.75 

8.00 

7.00 

6.00 

5.50 

4.50 

4.00 

8.50 

7.50 

6.75 

5.75 

5.00 

4.25 

3.50 

8.00 

5.50 

4.50 

4.00 

3.75 

3.25 

3.00 

2.25 

4.50 

4.00 

3.75 

3.25 

8.00 

2.50 

2.00 

4.00 

3.00 

3.00 

2.75 

2.25 

2.00 

1.50 

3.00 

2.00 

1.50 

Made  of  6  Strands  of  19  Wires  Each,  Laid  Abound  ▲  Hemp  Core. 


Diameter 
of 

Diameters  Of  Sheaves  or  Drums  in  Feet,  Showing  Percentages 
of  Life  for  Various  Diameters. 

Rope. 
Inches. 

100^ 

90^ 

80j( 

75{J 

eoji 

505< 

26j( 

12.00 

11.00 

9.00 

7.50 

6.00 

5.00 

3.00 

10.00 

9.00 

7.50 

7.00 

5.25 

4.75 

4.00 

9.00 

7.75 

6.60 

5.75 

4.50 

4.00 

8.60 

8.00 

6.75 

5.60 

5.00 

4.25 

3.50 

3.00 

6.75 

6.00 

5.00 

4.75 

4.00 

3.25 

2.75 

6.75 

6.00 

5.00 

4.50 

4.00 

3.00 

2.50 

5.00 

4.75 

4.00 

3.75 

3.00 

2.75 

2.00 

4.50 

3.75 

3.25 

3.00 

2.75 

2.25 

1.75 

3.50 

3.25 

3.00 

2.75 

2.00 

1.50 

1.00 

3.00 

2.00 

1.25 

1.00 

Wire  rope  is  as  pliable  as  new  hemp  rope  of  the  same  strength;  the  former 
will  therefore  run  on  the  same  sized  sheaves  and  pulleys  as  tne  latter.  But 
the  greater  the  diameter  of  the  sheaves,  pulleys,  and  drums,  the  longer  wire 
rope  will  last.  In  the  construction  of  machinery  for  wire  rope,  it  will  be 
found  good  economy  to  make  the  drums  and  sheaves  as  large  as  possible. 

The  tables  of  wire-rope  manufacturers  give  "  proper  diameters  of  drum  or 
sheave  "  at  from  50  to  65  times  the  rope  diameter;  but  the  expression  would 
more  properly  be  the  "minimum  admissible  diameter."  For  ordinary  ser- 
vice, by  using  sheaves  and  drums  ftom  75  to  100  times  the  diameter  of  the 
rope,  tne  average  life  of  hoisting  ropes  would  be  materiallv  lengthened. 
For  rapid  hoistin/*,  during  which  abnormal  strains  are  most  li'kelv  to  occur, 
or  where  a  low  factor  of  safety  is  employed,  a  sheave  diameter  of  J50  times 
that  of  the  rope  is  to  be  recommended. 

Experience  has  demonstrated  that  the  wear  increases  with  the  speed.  It 
is  therefore  better  to  increase  the  load  than  the  speed.  Wire  rope  is  manu- 
factured either  with  a  wire  or  a  hemp  center.  The  latter  is  more  pliable 
than  the  former,  and  will  wear  better  where  there  is  short  bending. 

Wire  rope  must  not  be  coiled  or  uncoiled  like  hemp  rope.    When  mounted  on 

a  reel,  the  latter  should  be  mounted  on  a  spindle  or  flat  turntable  to  pay  oflf 

the  rope.    When  forwarded  in  a  small  coil,  without  reel,  roll  it  over  the 

■•nd  like  a  wheel,  and  run  oflf  the  rope  in  that  way.    All  untwisting  or 

ing  must  be  avoided.  . 
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PROPER   WORKING    LOAD 

k>T  Steel  hoisting  ropes,  made  with  19  wires  to  the  strand,  when  used  on 
kuma  of  different  diameters.  Total  strain  of  wire  rope,  including  bending 
train  and  the  strain  due  to  load,  assumed  at  50,000  lb.  per  sq.  in.  of  actual 
teel  section,  d  =  diameter  of  rope  in  in.;  2>  =  diameter  of  drum  in  in.; 
f  =  strain  per  sq.  in.  due  to  bending;  L  =  proper  working  load  in  pounds. 


S  =  1,894,000  X 


L  =  20,000  dP  -  757,600  X 


D' 


{By  permission  of  E,  T.  Sederholm,  Chi^  Enqr.,  Eraser  &  Chalmers,  Chicago.) 
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WIRE  ROPES. 

Stirtlng  Strain  on  Hoistinf  Rop«.— In  selecting  a  hoisting 
ance  must  be  made  for  the  shook  and  extra  strain  imposed  < 
the  load  is  started  from  rest.    Experiments  made  by  placing 

rope,  due  aJZo 

m  the  tope  wl* 

'  a  dynamomel 

between  the  rope  and  the  cage  have  shown  that  starting  stress  inay  be  fro 

two  to  three  times  the  actual  load. 

Experiment  1. 

Strain  in  Rop 
Pounds. 

Empty  cage,  lifted  gently '. 

Empty  cage,  started  with  2k  in.  of  slack  rope  

4«030 
5*600 

Empty  cage,  started  with  6  in.  of  slack  rope  

8,950 

Emp 

ty  cage,  started  with  12  in.  of  slack  rope  ...-. 

12,300 

Experiinent  2. 

Strain  in  Rope 
Pounds. 

Cage  and  loaded  cars,  as  weighed 

ir,300 

Cage  and  loaded  cars,  lifted  slowly  and  gently    

11525 

Cage  and  loaded  cars,  started  with  3  in.  of  slacx  rope   . 

19,025 

Cage  and  loaded  cars,  started  with  6  in.  of  slack  rope  . 

24.625 

Cage  and  loaded  cars,  started  with  9  in.  of  slack  rope   . 

26,850 

Horsepower  of  Manila  Ropes. 

{Link-Belt  Engineering  Co.) 

h 

M 

1,000  Ft. 

2,000   Ft. 

3,000  Ft. 

4,000  Ft. 

5,000  Ft. 

o    . 

JSd 

.«« 

per  Min. 

per  Mln. 

per  HiB. 

per 

Min. 

per  MiB. 

0  s. 

f 

1^ 

11 

„  p   !  Tens. 
H.  P.  1    ^t 

„.P. 

Tens. 
Wt. 

H.P. 

Tens. 
Wt. 

H.P. 

Tens. 
Wt. 

H.P. 

Tens. 
Wt. 

i 

0.15 

4,000 

121 

2i 

90 

4i 

90 

6i 

80 

7* 

80 

■84 

70 

1 

0.18 

5,000 

151 

2J 

110 

5i 

110 

71 

100 

9* 

100 

m 

90 

i 

0.27 

7,500 

227 

4^ 

170 

Si 

170 

lU 

160 

14* 

150 

16 

m 

0.33 

9,000 

272 

5 

200 

10 

200 

14 

180 

17* 

170- 

19 

150 

0.45 

12,250 

371 

7 

280 

13i 

270 

19 

2W 

234 

230 

26 

210 

0.50 

14,000 

424 

8 

320 

15* 

310 

22 

290. 

27 

270 

294 

240 

0.65  18,062 

M7 

lOi 

410 

20 

400 

28i- 

370 

34f 

350 

384 

310 

0.73  20,250 

613 

lU 

460 

22 

440 

3U 

420 

39 

390 

434 

350 

0.821  25,000 

760 

14i 

570 

27i 

550 

39i 

520 

49. 

490 

554 

448 

1 

1.081  30,250 

916 

17 

680 

334 

660 

47i 

630 

5&^ 

580 

641 

520 

2    1  1.27  36,000 

1,000   201  ;  810 

40       790 

564 

740 

69i 

670 

774  !  620 

WIRE-ROPE  FASTENINGS. 

Thimble  spliced,  in  ordinary  style,  is  shown  in  Fig.  1  (a).  In  this  method, 
the  wires,  after  being  frayed  out  at  the  end  and  the  rope  bent  around  the 
thimble,  are  laid  snugly  about  the  main  xx)rtion  of  the  rope  and  securely 
fastened  by  wrapping  with  stout  wire,  the  extreme  ends  that  project  below 
this  wrapping  being  folded  back,  as  shown. 

Another  style  ofthimble  splicing  is  shown  in  Fig.  1  (6).  In  thii  case  the 
strands  are  interlocked  as  in  splicing,  and  the  joint  is  wrapped  with  wire  as 
in  the  former  method.  The  socket  fastening  is  shown  in  Fig.  1  (c).  Thehole 
in  which  the  rope  end  is  fastened  is  conical  in  shape.  The  rope  is  jgerierally 
secured  by  fraying  out  the  wires  at  the  end,  the  interstices  being'  filled  up 
with  spikes  driven  in  tightly.  The  whole  is  finally  cemente^d  by  pourine  in 
molten  Babbitt  metal.  This  makes  a  much  neater  fastening  than  eiUier 
of  those  shown  in  (a)  and  (6),  but  it  does  not  possess  anything  like  as 
much  strength.  The  thimble  possesses  a  serious  disadvantage;  it  is 
usually  made  of  a  piece  of  curved  metal  bent  around  into  an  oval  shape,  I 
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(a) 


(ft) 


(c) 


Fig.  1. 


S shown  in  (a)  and  (6),  with  the  groove,  in  which  the  rope  lies,  outside, 
i  ends  coming  together  in  a  sharp  point.  When  weight  is  placed  on  the 
[w,  the  strain  on  the  thimble  is  apt  to  cause  one  end  to  wedge  itself 
irond  or  past  the  other,  and  with  its  sharp  edge 
cuts  the  strands  in  tne  splice.  Mr.  \Villiam 
Kcwitt,  of  Trenton,  N.  J.,  while  testing  the 
jtrength  of  wire  ropes,  discovered  this  tendency, 
ind  expterixnented  with  sockets  with  the  idea 
Df  devising  some  method  of  £Eustening  the  rope 
securely  in  the  socket.  He  found  that  by  adopt- 
ing the  following  plan  he  secured  good  results: 

The  wires,  after  being  frayed  out  at  the  end, 
were  bent  upon  themselves  in  hook  fashion,  the 
prongs  of  some  being  longer  than  others,  so  that 
the  buncli  would  conform  to  the  conical  aperture 
of  the  socket,  and  the  melted  Babbitt  metal  was 
finally  run  in  as  usual.  The  rope  was  subjected 
to  a  strain  of  over  129,000  lb.,  and  the  wires  in 
the  socket  were  unaffected.  The  simplicity  of  this  method  commends 
itself  to  practical  men. 

RAPID   METHOD  OF  SPLICING  A  WIRE   ROPE.* 

The  only  tools  needed  are  a  cold  cutter  and  hammer  for  cutting  and 
trimming  the  strands,  and  two  needles  12  in.  long,  made  of  good  steel  and 
tapered  ovally  to  a  point.  Cut  off  the  ends  of  the  ropes  to  be  spliced  and 
unlay  three  adjacent  strands  of  each  back  15  ft.;  cut  out  the  hemp 
center  to  this  point  and  relay  the  strands  for  7  ft.  and  cut  them  off.  Pull 
the  ropes  by  each  other  until  they  have  the  position  shown  in  Fig.  2  (a), 
cut  off  a  and  d',  b  and  &,  Fig.  2  (6),  making  tneir  lengths  approximately  10 
and  12t  ft.,  re8i)ectively,  measured  from  the  point  where  the  hemp  centers 
were  cut.    Place  the  ropes  together.  Fig.  2  (6):  unlay  e,d,c,  Fig.  2  (a), 

keeping  the  strands  to- 
HempCmnitr  •*    ..  gether,  and  foUow  with  c', 

\        '•  v>_=ix-gg \  d',c',Fig.2(6).    Similarly, 

unlay  /,  a',  6',  Fie.  2  (ft), 
and  follow  with/,  a,  o. 


L^ar^^r^^^^  until  the  rope  appears  as  in 
3r~7_Z.   ^%'  2  (?)•.    Next  run  the 


^tlfmp  Ctnftr 


Strands  into  the  middle  of 
the  rope.     To  do  this,  cut 


Fig.  2. 


oflFthe  end  of  the  strand  6',  Fig.  2  (c),  so  that  when  it  is  put  in  place  it  will  just 
reach  to  the  end  x  of  the  hemp  core,  and  then  push  the  needle  A,  Fig.  2  (c), 
through  the  rope  from  the  under  side,  leaving  two  strands  at  the  front  of  the 
needle,  as  shown.  Push  the  needle  B  through  from  the  upper  side  and  as 
close  to  the  needle  A  as  possible,  leaving  the  strands  e  and  ef  between  them: 
place  the  needle  A  on  the  knee  and  turn  the  needle  B  around  with  the  coil  of 
the  rope,  and  force  the  strand  d  into  the  center  of  the  rope.    Repeat  this 
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bntion  with  the  other  ends  and  cat  them  off  so  that  the  ends  coming 
pgfher  in  the  center  of  the  rope  will  batt  against  each  other  as  nearly  as 
^'ble. 

ORDINARY    LONQ    SPLIOK. 

,  Tools  Required. — One  pair  wire  nippers,  for  cutting  off  strands;  one  pair 
■08,  for  pulling  through  and  straightening  ends  of  strands;  two  marline- 
ues,  one  round  and  one  oval,  for  opening  strands;  one  knife  to  cut  hemp 
■Iter;  two  clamps,  to  untwist  rope  to  insert  ends  of  strands,  or,  in  place  of 
lem,  two  short  hemp-rope  slings,  with  a  stick  for  each  as  a  lever;  a  wooden 
pallet  and  some  rope  twue.  Also,  a  bench  and  vise  are  handy. 
'  The  lengrth  of  the  splice  depends  on  the  size  of  the  rope.  The  larger  ropes 
tanire  the  longer  splices.  The  splice  of  ropes  from  I  in.  to  i  in.  in  diameter 
Inuld  not  be  less  than  20  ft.;  from  i  in.  to  1|  in-i  30  ft.;  and  from  If  in. 
Ip,  40  ft. 

To  splice  a  rope,  tie  each  end  with  a  piece  of  cord  at  a  distance  equal  to 
me-half  the  length  of  the  splice,  or  10  ft.  back  ttom  the  end,  for  a  |''  rope,  after 
ffhlch  unlay  each  end  as  far  as  the  cord.    Then  cut  out  the  hemp  center, 
ind  brin^  the  two  ends  together  as  close  as  possible,  placing  the  strands  of 
the  one  end  between  those  of  the  other,  as  shown  in  Fig.  3  (a).    Now  remove 
the  cord  k  ftom  the  end  if  of  the  rope,  and  unlay  any  strand,  as  o,  and  follow  it 
ap  with  the  strand  of  the  other  end  AT  of  the  rope  that  corresponds  to  it,  as 
a\  Fig.  3  (a).    About  6  in.  of  a  are  left  out,  and  a  is  cut  off  about  6  in.  fh>m  the 
rope,  thus  leaving  two  short  ends,  as  shown  at  P  in  Fig.  3(6),  which  must  be 
tied  for  the  present  by  cords  as  shown.    The  cord  k  should  again  be  wound 
around  the  end  M  of  the  rope.  Fig.  3  (a),  to  prevent  the  unraveling  of  the 
strands;  after  which  remove  the  cord  r  on  the  other  or  M'  end  of  the  rope, 
and  unlay  the  strand  6;  follow  it  up,  as  above,  with  the  strand  &',  leaving 
the  ends  out,  and  tying  them  down  for  the  present,  as  before  described  in 
the  case  of  strands  a  and  a\  see  Q,  Fig.  3(6);  also,  replace  the  cord  A/  for  the 
same  purpose  as  stated  above.    Now,  again  remove  the  cord  k  and  unlay  the 
next  strand,  as  c,  Fig.  3  (a),  and  follow  it  up  with  &,  stopping,  however,  this 
time  within  4  ft.  of  the  first  set.    Continue  this  operation  with  the  remaining 
6  strands,  stopping  4  ft.  short  of  the  preceding  set  each  time.    The  strands 
are  now  in  their  proper  places,  with  the  ends  passing  each  other  at  Intervals 
of  4  ft.,  as  shown  in  Fig.  3  (c).   To  dispose  of  the  loose  ends,  clamp  the  rope  in  a 
^ise  at  the  left  of  the  strands  a  and  a\  Fig.  3(c),  and  fasten  a  clamp  to  the  rope 
at  the  right  of  these  strands;  then  remove  the  cords  tied  around  the  rope 
that  hold  these  two  strands  down;  after  which  turn  the  clamp  in  the  oppo- 
site direction  to  which  the  rope  is  twisted,  thereby  untwisting  the  rope,  as 
shown  in  Pig.  3  (d) .    The  rope  should  be  untwisted  enough  to  allow  its  nemp 
core  to  be  pmled  out  with  a  pair  of  nippers.    Cut  off  24  in.  of  the  hemp  core, 
12  in.  at  each  side  firom  the  point  of  intersection  of  the  strands  a  and  a',  and 
push  the  ends  of  the  strands  in  their  place,  as  shown  in  Fig.  3  (d).    Then 
allow  the  rope  to  twist  up  to  its  natural  shape,  and  remove  the  clamps. 
After  the  rope  has  been  allowed  to  twist  up,  the  strands  tucked  in  generally 
bulge  out  somewhat.    This  bulging  may  be  reduced  by  lightly  tapping  the 
bulged  part  of  the  strands  with  a  wooden  mallet,  which  will  force  their  ends 
farther  mto  the  rope.    Proceed  in  the  same  manner  to  tuck  in  the  other  ends 
of  the  strands.  

OHAINS. 

The  links  of  iron  chains  are  usuallv  made  as  short  as  is  consistent  with 
easy  play,  so  as  to  make  them  less  liable  to  kink,  and  also  to  prevent  bending 
when  wound  around  drums,  sheaves,  etc. 

The  weight  of  close-link  chain  is  about  three  times  the  weight  of  bar  from 
which  it  is  made,  for  equal  lengths. 

Karl  von  Ott,  comparing  weight,  cost,  and  strength  of  three  materials, 
hemp,  iron  wire,  and  chain  iron,  concludes  that  the  proportion  between  cost 
of  hemp  rope,  wire  rope,  and  chain  is  as  2 : 1 :  3.  and  that,  therefore,  for 
eoual  resistances,  wire  rope  is  only  half  the  cost  of  hemp  rope,  and  a  third 
or  cost  of  chains. 

Chains  of  warranted  superior  iron  will  stand  25^  more  strain  before 
breaking.  The  report  of  the  U.  8.  Test  Board,  1881,  shows  that  the  ultimate 
strength  of  chains  may  be  taken  at  1.6  that  of  the  iron  from  which  the  links 
are  made.  o 
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The  strength  of  chains  yaries,  owing  to  the  nature  of  the  iron  from  which 
they  are  maae,  and  their  mechanical  construction.  The  following  table  is 
approximately  correct  for  ordinary  iron  chains: 

.    Table  of  Weight  and  Strength  of  Chains. 


Diameter  of 

Weight  of 

Diameter  of 

Weight  of 

Rod  of 
Which  the 

Chain 

per 

Banning 

Foot. 

Working 

Breaking 

Rod  of 
Which  the 

Chain 

per 

Running 

Foot. 

Working 

Breaking 

Links  Are 
Made. 

Strength. 
Tons. 

Strain. 
Tons. 

Links  Are 
Made. 

Strength. 
Tons. 

Strmin. 
Tons. 

Inches. 

Founds. 

Inches. 

Pounds. 

. 

.325 

.19 

.773 

}» 

7.10 

4.40 

16.80 

1 

.579 

.36 

1.37 

8.14 

5.00 

19.32 

TC 

.904 

.45 

2.14 

9.26 

5.71 

22.00 

a 

1.30 

.85 

3.09 

11.70 

7.23 

26.44 

TB 

1.78 

1.09 

4.20 

14.50 

9.00 

32.64 

I 

2.31 

1.43 

5.50 

17.50 

10.80 

39.42 

TV 

2.93 

1.80 

6.96 

20.80 

13.00 

47.00 

1 

3.62 

2.23 

8.58 

24.40 

15.24 

55.14 

*|* 

4.38 

2.70 

10.39 

28.40 

17.65 

63.97 

5.21 

3.21 

12.36 

32.60 

20.27 

73.44 

M 

6.11 

3.80 

14.42 

37.00 

23.10 

83.55 

HYDROSTATICS. 

Hydrostatios  treats  of  the  e<iuilibrium  of  liquids,  and  of  their  pressures  on 
the  walls  of  vessels  containing  them;  the  science  depends  on  the  way  in 
which  the  molecules  of  a  liquid  form  a  mass  under  the  action  of  gravity 
and  molecular  attraction,  the  latter  of  which  is  so  modified  in  liquias  as  to 
mve  them  their  state  of  liquidity.  While  the  particles  of  a  liquid  cohere, 
th^  are  free  to  slide  upon  one  another  without  the  least  apparent  fHction; 
and  it  is  this  perfect  mobility  that  gives  them  the  mechanical  properties 
considered  in  hydrostatics. 

The  ftindamental  property  may  be  thus  stated:  When  a  vressure  is  exerted 
on  any  part  of  the  surface  of  a  liquid,  thai  pressure  is  transmuted  undiminished 
to  aU  parts  of  the  mass,  ana  in  all  directions.  This  is  a  physical  axiom,  and  on 
it  are  based  nearly  all  the  principles  of  hydrostatics. 

Equili|>rium  of  Liquids.— This  is  a  property  of  liquids  that  can  be  easily 
demonstrated,  and  examples  are  frequently  seen.  Thus,  if  two  barrels  are 
connected  at  the  bottom  with  a  pipe,  and  water  is  poured  in  one  until  it 
reaches  within  a  foot  of  the  top,  the  water  in  the  other  will  be  found  to  have 
attained  the  same  height. 

Pressure  of  Liquids  on  Surfaces.— The  general  proposition  on  this  point  is  as 
follows:  The  pressure  of  a  liquid  on  any  surface  immersed  in  it  is  equal  to  the 
weight  of  a  column  of  the  liauid  whose  base  is  the  surface  pressed,  and  whose 
height  is  the  perpendicular  depth  of  the  center  of  gravity  of  the  surface  below  the 
surface  of  the  liquid.  The  pressure  thus  exerted  is  independent  of  the  shape 
or  size  of  the  vessel  or  cavity  containing  the  liquid. 

The  pressure  of  a  liquid  against  any  point  of  any  surface,  either  curved 
or  plane,  is  always  i)erpendicular  to  the  surface  at  that  point. 

At  any  given  depth  the  pressure  of  a  liquid  is  equal  in  every  direction, 
and  is  in  direct  proportion  to  the  vertical  depth  below  the  surface. 

Tlie  weiglit  of  a  cubio  foot  of  fresh  water,  at  ordinary  temperature  of  the 
atmosphere,  that  is,  from  32°  F.  to  80°  F.,  is  usually  assumed  at  62.5  lb.  This 
is  a  trifle  more  than  the  actual  weight,  but  is  sufficiently  close  for  purposes 
of  calculation. 

To  Find  tlie  Pressure  Exerted  by  Quiet  Water  Against  tlie  Side  of  a  Gangway  or 
Heading.— Multiply  the  area  of  the  side  in  square  feet  by  the  perpendicular 
distance  from  the  surface  of  the  water  to  a  point  equidistant  between  the 
top  and  bottom  of  the  submerged  heading  or  gangway,  and  multiply  the 
product  by  62.5.  The  result  will  be  the  pressure  In  pounds,  exclu^ve  of 
atmospheric  pressure.  This  latter  need  not  be  considered  in  ordinary 
mining  work.  ^ 
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CAMPLE. — ^If  an  abandoned  colliery,  opened  by  a  slope  on  a  pitch  of  2SP 

rlOO  yd.  lon^  is  allowed  to  fill  with  water,  what  is  the  average  pressure 

Tted  on  eacn  square  foot  of  the  lower  rib  of  the  gangway,  assuming 

the  gangways  were  driven  dead  level,  and  that  the  length  of  the  slope 

measured   to   a  point  on  the  lower  rib  equidistant  between  top  and 

,   >m  of  gangway . 

We  here  liave  a  perpendicular  height  of  water  =  300  X  sine  of  25° 
|t26.78  ft.  Tlien,  the  pressure  on  each  square  foot  of  the  lower  rib  of 
KKj  =  126.78  X  62.5  lb.,  or  the  weight  of  1  cu.  ft.,  or  a  pressure  on  each 
e  foot  of  surface  of  7,923.75  lb.,  or  over  3#  gross  tons.  Tne  total  pressure 
:ed  along:  the  gangway  may  readily  be  found  by  multiplying  the 
"^5  lb.  by  tlie  number  of  square  feet  of  the  lower  rib  against  which 


To  find  the  totti  pressure  of  quiot  water  affainst  and  perpendicular  to  any 

"^ce  whatever,  as  a  dam,  embankment,  or  the  bottom,  side  or  top  of  any 

Ltainins  vessel,  water  pipe,  etc.,  no  matter  whether  said  surface  he 

tical,  borizontal,  or  inclined;  or  whether  it  be  flat  or  curved;  or  whether 

reach  to  tlie  surfece  of  the  water  or  be  entirely  below  it: 

Multiply  the  area,  in  square  feet,  of  the  surface  pressed,  by  the  vertical  depth  in 

to  of  its  center  of  gravity  below  the  surface  cf  the  luater,  ana  this  product  by  62.5. 

the  resuU  vnU  be  the  pressure  in  pounds. 

Thus,  assuming  that  in  the  annexed  three  figures  the  depth  of  water  in 
jach  dam  is  12  ft.,  and  the  wall  or  embankment  is  60  ft.  long,  then  in 
Fig.  1  the  total  pressure  will  equal  12  x  60  x  6  X  62.5  =  225,000  lb. 

In  Figs.  2  and  3  the  walls  or  embankments,  being  inclined,  expose  a 
greater  surface  to  pressure,  say  18  ft.  from  A  to  B.  Then  the  total  pressure 
equals  18  X  50  X  6  X  62.5  =  337,500  lb. 

Now,  tbe  results  obtained  are  the  totaZ  pressures  without  regard  to  direction. 

In  Pig.  1  the  total 
pressure  calculated, 
or  225,000  lb.,  is  hori- 
zontal,  tending 
either  to  overturn 
the  wall  or  make  it 
slide  on  its  base. 
The  center  of  pres- 


FlG.  1. 


Fig.  2. 


Fig.  3. 


sure  is  at  C,  or  one-third  of  the  vertical  depth  from  the  bottom. 

In  Fig.  2  the  pressure  is  exerted  in  two  directions;  one  pressure,  acting 
horizontally,  tends  to  overthrow  or  slide  the  wall,  while  the  other,  acting 
vertically,  tends  to  hold  it  in  place. 

In  Fig.  3  the  pressure  is  also  exerted  in  two  directions;  one  pressure, 
acting  horizontally,  tends  to  overthrow  or  slide  the  wall,  while  the  other 
tends  to  lift. 

So  long  as  the  vertical  depth  of  water  remains  the  same,  the  horizontal 
pressure  remains  the  same,  no  matter  what  inclination  is  given  the  wall. 
Thus,  in  Figs.  2  and  3,  the  horizontal  pressure  is  the  same  as  in  Fig.  1, 
or  225,000  lb. 

The  total  pressure  of  the  water  is  distributed  over  the  entire  depth  of  the 
submerged  part  of  the  back  of  the  wall,  and  is  least  at  the  top,  gradually 
increasing  toward  the  bottom.  But  so  far  as  regards  the  united  action  of 
every  portion  of  it,  in  tending  to  overthrow  the  wall,  considered  as  a  single 
mass  of  masonry,  incapable  of  being  bent  or  broken,  it  may  all  be  assumed 
to  be  applied  at  C,  which  is  one-third  of  the  vertical  depth  from  the  bottom 
in  Fig.  1,  or,  what  is  the  same  thing,  one-third  of  the 
slope  distance  from  the  bottom  in  Figs.  2  and  3. 

No  matter  how  much  water  is  in  a  dam  or  vessel, 
the  pressure  remains  the  same,  so  long  as  the  area 
pressed  and  the  vertical  depth  of  its  center  of  ^avity 
Delow  the  level  surfece  of  the  water  remains  un- 
changed. Thus,  if  the  water  in  dam  shown  in  Fig.  1 
extended  back  1  mile,  it  would  exert  no  more  pressure 
against  the  wall  than  If  it  extended  back  only  1  ft. 

In  any  two  vessels  having  the  same  base,  and  con- 
taining the  same  depth  of  water,  no  matter  what 
quantuy,  the  pressures  on  the  bases  are  equal.  Thus, 
if  Figs.  4  and  5  have  the  same  base  and  be  filled  with 
water  to  the  same  depth,  the  pressure  on  the  bases 


Fig.  4.        Fig,  5. 


wUl  be  equal.    This  fact,  that  the  pressure  on  a  given  surface,  at  a  given 
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depth,  is  independent  of  the  quantity  of  water,  is  called  the  hycLrosiaiu 

paradox. 

As  the  pressure  of  water  against  any  point  is  at  right  angles  to  the  surface 

at  that  point,  it  follows  that  props  or  other  strengthening  material  for  th€ 

strengthening  of  such  structures  as  a  sloping  dam,  should  be  so  placed  as  tc 

offer  the  greatest  resistance  in  a  line  at  rient  angles  to  the  sloping  surface, 

and  these  supports  should  be  strongest  ana  closest  together  at  the  bottom. 

For  the  same  reason,  the  hoops  on  a  circular  tank  should  be  strongest  and 

closest  at  the  bottom. 

Transmission  of  Pressure  Througli  Water.— Water,  in  common  with   other 

liquids,  possesses  the  important  property  of  transmitting  pressure  equally  in 
all  directions.  Thus,  if  a  vessel  is  constructed  with  two 
cylinders,  the  area  of  one  being  10  sq.  in.,  and  that  of  the 
other  100  sq.  in.,  and  the  vessel  is  filled  with  water  (Fi^.  6), 
and  pistons  fitted  to  the  cylinders,  a  pressure  of  100  lb. 
applied  at  the  smaller  will  balance  1,000  lb.  at  the  larger. 
Tills  is  the  principle  of  the  hydrostatic  press.  Air  and  other 
gaseous  fluids  transmit  pressure  equally  in  all  directions, 
like  liquids,  but  not  as  rapidly. 

To  Find  the  Pressure  on  a  Plane  Surface  at  Any  Given  Depth 
of  Water.— For  pounds  per  square  inch,  multiply  depth  in 
feet  by  .434.  For  pounds  per  square  foot,  multiply  depth 
in  feet  by  62.5.  For  tons  per  square  foot,  multiply  depth 
in  feet  by  .0279.  The  pressure  per  square  foot  at  difiTerent 
depths  increases  directly  as  the  depths.    The  total  pressure 

against  a  plane  1  ft.  wide  at  different  depths  increases  as  the  square  of  the 

depths. 

Pressure  in  Pounds  per  Sq.  Ft.  at  Different  Vertical  Depths,  and 
ALSO  the  Total  Pressure  Against  a  Plane  1  Ft.  Wide  Extending 
Vertically  From  the  Surface  of  the  Water  to  the  Same  Depths. 


Fig.  6. 


Pressure. 

Total 

Pressure. 

Total 

Pressure. 

Total 

Depth. 

Pounds 

Pressure. 

Depth. 

Pounds 

Pressure. 

Depth. 

Pounds 

Pressure. 

Feet. 

per  Sq.  Ft. 

Pounds. 

Feet. 

per  Sq.  Ft. 

Pounds. 

Feet. 

per  Sq.  Ft. 

Pounds. 

1 

62.5 

31 

■   27 

1,687 

22,781 

65 

4,062 

132,025 

2 

125 

125 

28 

1,750 

24.500 

70 

4,375 

153,124 

3 

187 

281 

29 

1,812 

26,281 

75 

4,687 

175,779 

4 

250 

500 

30 

1,875 

28,125 

80 

5,000 

200,000 

5 

312 

781 

31 

1,937 

30,031 

85 

5,312 

225,775 

6 

375 

1,125 

32 

2,000 

32,000 

90 

5,625 

253,124 

7 

437 

1,531 

33 

2,062 

34,031 

95 

5,937 

282.025 

8 

500 

2,000 

34 

2,125 

36,125 

100 

6,250 

312,500 

9 

562 

2,531 

35 

2,187 

38,281 

110 

6,875 

378,124 

10 

625 

3,125 

36 

2,250 

40,500 

120 

7,500 

450,000 

11 

687 

3,781 

37 

2,312 

42,781 

130 

8,125 

528,100 

12 

750 

4,500 

38 

2,375 

45,125 

140 

8,750 

612,496 

13 

812 

5,281 

39. 

2,437 

47,531 

150 

9,375 

703,116 

14 

875 

6,125 

40 

2,500 

50,000 

160 

10,000 

800,000 

15 

937 

7,031 

41 

2,562 

52,531 

170 

10,625 

903,100 

16 

1,000 

8,000 

42 

2,625 

55,125 

180 

11,250 

1,07'^/;-' 

17 

1,062 

9,031 

43 

2,687 

57,781 

190 

11,875 

1,1  lis  100 

18 

1,125 

10,125 

44 

2,750 

60,500 

200 

12,500 

l,2n<lO(X) 

19 

1,187 

11,281 

45 

2,812 

63,281 

225 

14,062 

1,^<S2.025 

20 

1,250 

12,500 

46 

2,875 

66,125 

250 

15,625 

l,t>53,100 

21 

1,312 

13,781 

47 

2,937 

69,031 

275 

17,187 

2,81)0, -275 

22 

1,375 

15,125 

48 

3,000 

72,000 

300 

18,750 

2,812,500 

23 

1,437 

16,531 

49 

3,062 

75,031 

350 

21,875 

3,82.S,100 

•24 

1,500 

18,000 

50 

3,125 

78,125 

400 

25,000 

5,000.000 

25 

1,562 

19,531 

55 

3,437 

94,531 

450 

28,120 

6,3-J.SJOO 

26 

1,625 

21,125 

60 

3,750 

112,500 

500 

31,250 

7,812,500 

Pressure  of  Water  in  Pipes.— As  water  exerts  a  pressure  equally  in  all 
directions,  it  is  important  that  in  pipe  lines  the  pipe  should  be  sufficiently 
hick  to  assure  strength  enough  to  resist  a  bursting  press^e.    In  ordinary 
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Ichce,  the  thickness  of  cast-iron  water  pipes  of  different  bores  Is  calculated 
Mr.  J.  T.  Fannin^r's  formula,  given  in  his  Hydraulic  Engineering,  which 
Itt  follows: 


Thickness  in  inches  = 


(pressure  in  lb.  per  sq.  in.  +  100)  X  bore  in  in. 
.4  X  ultimate  tensile  strength 


This  formula,  worked  out  for  different  heads  and  different  sizes  of  bore, 
ads  the  following  results: 

Thicilness  of  Pipe  for  Different  Heads  and  Pressures. 


eadinPt.. 

50 

100 

200 

300 

500 

1,000 

tessure  in  Lb. 
per  Sq.  In. 

21.7 

43.4 

86.8 

130 

217 

434 

lore.   Inches. 

Thickness  of  Pipe.    Inches. 

2 

.36 

.37 

.38 

.39 

.42 

.48 

3 

.37 

.38 

.40 

.42 

.45 

.54 

4 

.39 

.40 

.42 

.45 

.50 

.61 

6 

.41 

.43 

.47 

.50 

.57 

.75 

8 

.45 

.47 

.52 

.57 

.66 

.90 

10 

.47 

.50 

.56 

.62 

.74 

1.04 

12 

.49 

.63 

.60 

.67 

.82 

1.18 

16 

.55 

.60 

.70 

.79 

.98 

1:46 

18 

.57 

.63 

.74 

.85 

1.06 

1.60 

20 

.61 

.67 

.79 

.91 

1.15 

1.75 

24 

.66 

.73    • 

.87 

1.02 

1.30 

2.03 

30 

.74 

.83 

1.01 

1.19 

1.55 

2.46 

36 

.82 

.93 

1.15 

1.36 

1.80 

2.88 

48 

.98 

1.13 

1.42 

1.70 

2.28 

3.73 

In  the  above  table,  the  ultimate  tensile  strength  of  cast  iron  is  taken  at 
18,000  lb.  per  sq.  in.  The  addition  of  100  lb.  to  the  pressure  is  made  to  allow 
for  water  ram.  The  valves  of  water  pipes  should  he  closed  slowly,  and  the 
aecessity  of  this  increases  as  the  pipes  increase  in  diameter.  If  this  rule  is 
act  observed,  the  momentum  of  the  running  water  is  arrested  suddenly,  and 
a  great  pressure  is  created  against  the  pipes  in  all  directions,  and  through- 
out the  entire  length  of  the  line  above  the  valve,  even  if  it  be  many  miles, 
and  there  is  danger  of  their  bursting  at  any  point.  For  this  reason,  stop- 
gates  are  shut  by  screws,  because  they  prevent  any  very  sudden  closing;  but 
m  pipes  of  large  diameters,  even  the  screws  must  be  worked  very  slowly  to 
prevent  bursting. 

Compressibility  of  Liquids.— Liquids  are  not  entirely  incompressible,  but 
they  are  so  nearly  so,  that  for  most  purposes  they  may  be  considered  as 
incompressible.  The  bulk  of  water  is  diminished  about  jA^  by  a  pressure  of 
324  lb.  per  sq.  in.,  or  22  atmospheres;  varying  slightly  with  its  temperature. 
It  is  perfectly  elastic,  regaining  its  original  bulk  when  the  pressure  is. 
removed. 

CoBitroctlon  of  Dams  in  Mines.— Dams  may  be  constructed  in  mines,  either 
to  isolate  a  portion  of  the  workings  so  that  they  can  be  flooded  to  extinguish 
fires,  or,  in  cases  where  an  extremely  wet  formation  has  been  penetrated,  it 
« sometimes  expedient  to  construct  a  dam  so  as  to  prevent  the  water  from 
flooring  into  the  workings.  Mine  dams  should  be  of  sufficient  strength  to 
resist  any  column  of  water  that  will  be  likely  to  come  against  them.  The  , 
dam  Bhould  be  arched  toward  the  direction  from  which  the  pressure  comes, 
an  d  should  be  given  a  good  firm  bearing  in  both  walls  and  in  the  floor  and 
ro«f.  Fig.  7  illustrates  a  brick  dam  that  was  constructed  in  Kehley's  Run 
Colliery,  at  Shenandoah,  Pa.,  to  isolate  a  portion  of  the  seam  so  that  it  might 
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be  flooded  to  extinguish  a  mine  fire.  This  is  one  of  the  largest  mine  dams 
that  has  ever  been  constructed.  It  is  composed  of  three  brick  arches,  each 
having  a  thickness  of  5  ft.,  that  are  placed  one  against  the  other  so  that  they 
act  as  one  solid  structure.  The  gangway  at  this  point  is  about  20  ft.  wide, 
and  the  distance  to  the  next  upper  level  is  about  119  ft.  It  was  intended 
that  this  should  be  the  maximum  head  of  water  that  the  dams  would  ever 
have  to  resist,  though  they  were  made  sufficiently  strong  to  resist  a  head  of 
water  reaching  to  the  surface.  The  separate  walls  were  constructed  one  at 
a  time,  and  the  cement  allowed  to  set  before  the  next  wall  was  placed.  The 
back  wall  was  carried  to  a  greater  depth  and  height  than  the  otners,  so  as  to 
make  sure  of  the  fact  that  all  slips  or  partings  had  been  closed.  The  total 
pressure  upon  the  dam  when  the  water  was  in  the  mine  was  about  70,000  lb. 
per  sq.  ft. 

Dams  constructed  to  permit  the  flooding  of  a  mine  usually  reqiiire  no 
jmssages  through  them,  but  where  dams  are  constructed  to  connne  the 
water  to  certain  parts  of  the  workings,  and  so  reduce  pumping  charges,  it 
may  be  necessary  to  provide  both  manways  and  drain  pipes  through  the 
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Fig.  a 


dams.  Fig.  8  illustrates  a  plan  and  cross-section  of  a  dam  in  the  Curry 
Mine,  at  Norway,  Mich.  ("Mines  and  Minerals,"  Vol.  18,  page  177;  Trans. 
A.  I.  M.  E.,  XXVII,  402),  constructed  to  keep  the  water  that  came  ftom  some 
•exploring  drifts  out  of  the  mine  workings.  As  originally  constructed,  it 
consisted  of  a  sandstone  dam  10  ft.  thick  and  arched  on  the  back  face 
with  a  radius  of  6  ft.  A  piece  of  20"  pipe  provided  a  manway  through  the 
masonry  and  was  held  in  place  by  three  sets  of  clamps  and  bolts  passing 
through  the  stonework.  A  5"  "drain  pipe  was  also  carried  through  the  dam 
and  secured  by  clamps.  When  the  pressure  came  upon  the  dam  it  was 
found  to  leak,  so  the  water  was  drained  off  and  a  22"  brick  wall  built 
2  ft.  4  in.  back  of  the  dam,  the  space  between  being  filled  with  concrete,  and 
the  manway  and  drain  pipe  extended  through  the  brick  wall.  Before  closin£ 
the  drain  pipe,  horse  manure  was  fastened  against  the  face  of  the  brick  wall 
by  means  of  a  plank  partition.  After  this  the  manway  and  drain  pipe  were 
closed,  and  when  the  pressure  came  on,  the  dam  was  found  to  leuL  a  small 


HYDRA  ULICS.  185 

nt,  but  this  soon  practicallv  ceased,  showing  that  the  manure  had 

1  the  lealLs.    A  gauge  in  the  nead  of  the  manway  on  this  dam  showed  a 

ire  of  211  lb.,  wnich  corresponded  to  a  static  head  of  640  ft.  of  water. 

i  total  pressure  against  the  dam  was  something  over  800  tons,  which  it 

*iiliy  resisted. 


HYDRAULICS. 

Hydraulics  treats  of  liquids  in  motion,  and  in  this,  as  in  hydrostatics, 
iter  is  taken  as  the  type.  In  theory  its  principles  are  the  same  as  those  of 
iling  bodies,  but  in  practice  they  are  so  modified  by  various  causes  that 
y  cannot  be  relied  on  except  as  verified  by  experiment.  The  discrepancy 
les  ftom  changes  of  temperature  that  vaiy  the  fluidity  of  the  liquid,  from 
tion,  tlie  shape  of  the  orifice,  etc.  As  we  shall  deal  with  water  only,  the 
t  cause  may  be  thrown  aside  as  of  little  account. 
In  theory  the  vdocUy  qfajet  is  the  same  as  that  of  a  body  fatting  from  the 
surface  of  the  water. 

To  Find  the  Thtordtietl  Velooitv  of  a  Jot  of  Water.— Let  v  »  the  velocity, 
o  =  the  acceleration  of  gravity  (32.16  ft.),  and  d  =  the  distance  of  the  orifice 
below  the  surface  of  the  water. 

Then,  v=  \^2gd,OTv  =  the  square  root  of  twice  the  product  of  ^^ X  <f. 
Example.— The  depth  of  water  above  the  orifice  is  64  ft.;  what  is  the 

velocity  ?  

Substituting  64  for  d,  and  32.16  for  g,  we  have,  v  =  ^2  x  32.16  x  64,  or 
64.16. 

To  Find  the  Theoretical  Quantity  of  Water  Discharged  in  a  Given  Time.— Multi- 
ply the  area  of  the  orifice  oy  the  velocity  of  the  water,  and  that  product  by 
the  number  of  seconds. 

Example.— What  quantity  of  water  will  be  discharged  in  5  seconds  from 
an  orifice  having  an  area  of  2  sq.  ft.,  at  a  depth  of  16  ft.7 

>/  2  X  32.16  X  16  X  2  —  64.16  cu.  ft,,  or  the  amount  discharged  in  1 
second,  and  in  5  seconds  the  amount  will  be  5  X  64.16  =  320.8  cu.  ft. 

The  above  rules  are  only  theoretical,  and  are  only  useftil  as  foundations 
on  which  to  build  practical  formulas. 

Flow  of  Water  throogh  Orifices.— The  standard '  orifice,  or  an  orifice  so 
arranged  that  the  water  in  flowing  from  it  touches  only  a  line,  as  would  be 
the  case  in  flowing  through  a  hole  in  a  very  thin  plate,  is  used  for  the 
measurement  of  water.  The  contraction  of  the  jet,  which  always  occurs 
when  water  issues  from  a  standard  orifice,  is  due  to  the  circumstance  that 
the  particles  of  water  as  they  approach  the  orifice  move  in  converging 
directions,  and  that  these  directions  continue  to  converge  for  a  short  distance 
beyond  the  plane  of  the  orifice.  This  contraction  causes  only  the  inner 
comer  of  the  orifice  to  be  touched  by  the  escaping  water,  and  takes  place 
in  orifices  of  any  shape,  its  cross-section  being  similar  to  the  orifice  until 
the  place  of  greatest  contraction  is  passed.  Owing  to  this  contraction, 
the  actual  discharge  from  an  orifice  is  always  less  than  the  theoretical 
discharge. 

The  Coefficient  of  Contraction.— The  coefficient  of  contraction  is  the  number 
by  which  the  area  of  the  orifice  is  to  be  multiplied  in  order  to  find  the  area 
of  the  least  cross-section  of  the  jet.  In  this  way  by  experiment  this  coeffi- 
cient has  been  found  to  be  about  .62  (Merriman's  "Hydraulics");  or,  in 
other  words,  the  minimum  cross-section  of  the  jet  is  625^  of  the  cross-section 
of  the  orifice. 

The  Coefficient  of  Veicclty.— The  coefficient  of  velocity  is  the  number  by 
which  the  theoretical  velocity  of  flow  from  the  orifice  is  to  be  multiplied  in 
order  to  find  the  actual  velocity  at  the  least  cross-section  of  the  jet.  This 
may  be  taken  for  practical  work  as  .98;  or,  in  other  words,  the  actual  flow 
at  the  contracted  section  is  98?<  of  the  theoretical  velocity. 

The  Coefficient  of  Discharge.— The  coefficient  of  discharge  is  the  number  by 
which  the  theoretical  discharge  is  to  be  multiplied  in  order  to  obtain  the 
actual  discharge.  This  has  been  found  by  thousands  of  experiments  to  be 
equal  to  tiie  product  of  the  coefficients  of  contraction  and  velocity,  and  for 
practical  work  it  may  be  taken  as  .61;  or,  the  actual  discharge  from  standard 
orifices  is  61)(  of  the  theoretic  discharge. 
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Note.— While  the  coefficients  for  standard  orifices  with  sharp  edges  have 
been  determined  fairly  close,  those  for  the  more  complicated  cases  of  weirs, 
and  especially  for  the  flow  of  water  through  long  pipes,  are  simply  the 
nearest  approzimalion  to  the  truth  that  it  has  been  possible  to  obtain.  In 
all  cases,  the  coefficient  should  be  one  that  has  been  determined  under  con- 
ditions similar  to  those  in  the  problem  in  hand.  For  instance,  it  is  not  prac- 
ticable to  use  the  coefficient  for  small  pipes  in  solving  problems  relating  to 
large  ones,  or  for  short  pipes  in  solving  problems  relating  to  long  ones. 

Suppression  of  the  Contrsction.— When  a  vertical  orifice  has  its  lower  edge 
at  the  Dottom  of  a  reservoir,  the  particles  of  water  fiowing  through  its  lower 
portion  move  in  lines  nearly  perpendicular  to  the  plane  of  the  orifice,  and 
the  contraction  of  the  jet  does  not  form  on  the  lower  side.  The  same  thing 
occurs  in  a  lesser  degree  when  the  lower  edge  of  the  orifice  is  within  a  dis- 
tance of  three  times  its  least  diameter  from  the  bottom.  The  suppression  of 
contraction  will  occur  on  the  side  if  it  is  placed  within  a  distance  of  three 
times  its  least  diameter  from  the  side  of  a  reservoir,  the  suppression  of 
contraction  being  the  greater  the  nearer  the  orifice  is  to  the  side.  By  round- 
ing the  edge  of  the  orifice  sufficiently,  the  contraction  can  be  completely 
suppressed,  and  the  discharge  can  be  increased.  As  stated  before,  the  value 
of  the  coefficient  of  contraction  for  a  standard  square-edged  orifice  is  .62,  but 
with  a  rounded  orifice  it  may  have  any  value  between  .62  and  1.00,  depend- 
ing on  the  degree  of  rounding.  The  coefficient  of  discharge  for  square- 
edged  orifices  has  a  mean  value  of  .61;  this  is  increased  with  rounded  edges 
and  may  have  any  value  between  .61  and  1.00,  although  it  is  not  probable 
that  values  greater  than  .95  can  be  obtained  except  by  the  most  careAil 
adjustment  of  the  rounded  edges  to  the  exact  curve  of  a  completelv  con- 
tracted jet.  A  rounded  interior  orifice  is  therefore  always  a  source  of  error 
when  the  object  of  the  orifice  is  the  measurement  of  the  discharge. 


GAUGING  WATER. 

Water  is  sold  by  two  methods;  i.  e.,  the  fiowing  unit  and  the  capacity 
unit.  The  flowing  unit  is  a  cubic  foot  per  second.  In  the  western  part  of 
North  America  the  miners'  inch  has  come  into  use  quite  largely,  wnile  in 
Australia  and  New  Zealand  the  cubic  foot  per  second  is  the  common  measure, 
1  cu.  ft.  per  second  being  1  *'  head,"  and  10  heads  of  water  would  be  10  cu.  ft. 
per  second,  regardless  of  the  actual  hydrostatic  head  under  which  the  water 
was  delivered.  Water  is  sometimes  sold  for  irrigation  hy  the  capacity  unit, 
that  Is,  so  much  land  covered  to  a  certain  depth,  as,  for  instance,  the  "  acre- 
foot,"  which  means  that  1  acre  has  been  covered  to  a  depth  of  1  foot,  or  that 
an  amount  of  43,560  cu.  ft.  of  water  has  been  furnished. 

Miners'  Incli.— The  miners'  inch  may  be  roughly  defined  as  the  quantity  of 
water  that  will  flow  in  1  minute  through  a  vertical  standard  orifice  having  a 
section  of  1  sq.  in.  and  a  head  of  6i  in.  above  the  center  of  the  orifice.  Tnis 
quantity  equals  1.53  cu.  ft.,  and  the  mean  quantity  may  be  taken  at,  approxi- 
mately, 1.5  cu.  ft.  per  minute.  The  laws  or  customs  defining  the  miners' 
inch  in  diffferent  districts  vary  so  that  the  amount  of  water  actually  delivered 
varies  from  1.2  to  1.76  cu.  ft.  per  minute,  the  principal  reasons  for  these  varia- 
tions being  the  method  adopted  for  measuring  the  water  where  larg^  quan- 
tities are  used;  as,  for  instance,  at  Smartsville,  in  California,  an  opening  4  in. 
deep,  250  in.  long,  with  a  head  of  7  in.  above  the  top  edge,  is  said  to  fUmish 
1,000  miners'  incnes,  while  it  would  actually  furnish  considerably  over  1,000. 
In  other  places,  the  size  of  the  opening  for  measuring  the  amounts  is 
restricted,  and  may  actually  ftimish  less  than  the  rated  amount.  In  Montana 
the  common  method  of  measurement  was  formerly  through  a  vertical  rect- 
angle 1  in.  high,  with  a  head  on  the  center  of  the  orifice  of  4  in.  The  num- 
ber of  miners'  inches  discharged  was  considered  to  be  the  same  as  the 
number  of  linear  inches  in  the  length  of  the  orifice;  thus,  under  the  given 
head,  an  orifice  1  in.  deep  and  60  in.  long  could  discharge  60  miners'  inches. 

The  State  Legislature  of  Montana  has  now  passed  a  law  defining  the 
miners'  inch  as  the  number  of  gallons  of  water  discharged  in  a  given  time, 
regardless  of  the  character  of  the  openings  or  methods  of  measurement. 
The  statement  is  as  follows:  •'  Where  water  rights,  expressed  in  miners' 
inches,  have  been  granted,  100  miners'  inches  shall  be  considered  equivalent 
to  a  flow  of  2h  cu.  ft.  (18.7  gal.)  per  second,  and  this  proportion  shidl  be 
observed  in  determining  the  equivalent  flow  represented  by  any  number  of 
miners'  inches." 
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r  this  amount  is  reduced  to  cubic  feet  per  minute,  it  will  be  found  to 

qual  to  a  flow  of  1.5  cu.  ft.  per  minute,  which  is  the  value  given  above 

he  miners'  inch. 
POuty  or  Work  Performed  by  a  Miners'  Inch  of  Water.— Few  tests  have  been 
*^e  in  regard  to  the  duty  of  a  miners'  inch  of  water,  but  the  North 
t>miield  mine  and  the  La  Grange  mine,  in  California,  have  carried  on 
eries  of  experiments  extending  over  several  years.  At  the  La  Gmnge 
DC  the  observations  were  carried  on  simultaneously  upon  several  differ- 
^  claims,  bence  parallel  dates  appear.    The  accomi)anying  tables  give 

results  of  these  experiments.  In  general  it  is  governed  by  the  size, 
.ecity,  cbaracter  of  pavement,  and  grade  of  sluices,  together  with  the 
pply  of  -water.  A  heavy  grade  will  compensate  for  a  limited  supply. 
itti  an  abundant  supply  of  water  and  material,  the  capacity  of  the  sluices 
Tl  depend  on:  Fird,  the  character  of  the  material  washed;  second^  the 
&  and  minimum  grade  of  the  sluices;  tMrd,  the  character  of  the  riffles  used. 

Duty  op  Mikers'  Inch. 

{Risdon  Iron  TTorJfc*,  Evaiis^i  Elevator  Catalogue.) 

NOBTH  Bloohfield  Mine. 


1 

§ 

ll  *I1 

i 

Tears. 

ll 

1 

^1 

Grades: 

11 

1' 

m 

n 

t 

Bemarks. 

^  Sluices  6  ft.  wide, 

1870-7i 

3,250,000 

710,987 

6>^in.tol2n. 

4.60 

18 

100  ft. 

•82  in.  deep. 

1875 

1,858,000 

386.972 

6^  in. to  lift. 

4.80 

17 

100  ft. 

Riffles  principally 
blocks  (wood),  but 
rock  riffles  in  tail 

1876 

1,919,700 

700,000 

6)<  in.to  12  ft. 

4.17 

20 

200  ft. 

1877 

2,998,980 

695,000 

6^in.tol2ft. 

8.86 

21 

265  ft. 

sluices. 
The  larger  portion 

Totals 

11,021,690 

2.392.959 

4.60 

18 

moved    was     top 
.     graTel. 

La  Grange  Mine. 


1874-76 

676.968 

624.745 

4  in.  to  16  ft. 

1.06 

74.0 

1875-76 

68S,2U 

875,155 

4  in.  to  16  ft. 

1.82 

43.9 

1874-76 

284,982 

207,010 

4  in.  to  16  ft. 

1.37 

58.0 

1875-78 

459,570 

302,960 

4  in.  to  16  ft. 

1.52 

52.0 

1880-81 

829,120 

203,325 

4  in.  to  16  ft. 

1.57 

50.0 

Totals 

2,483,884 

1,713,195 

1.42 

56.0 

10  to  48  ft. 
Oft. 
SO  to  80  ft. 
40  to  50  ft. 
10  to  80  ft. 


Sluices  4  fl.  wide 
and  30  in.  deep, 
paved  with 
blocks. 


The  right-angled  V  notch  is  frequently  used  for  gauging  the  How  of  compara- 
tively small  streams.  The  noten  is  usually  fitted  into  a  box  provided  with 
baffle  boards,  Figr-  9,  or  where  this  is  not  practicable  the  water  should  be 
so  impounded  aoove  the  noteh  as  to  remove  all  possibility  of  surface  cur- 


rents producing  a  perceptible  velocity  of  approach.  The  distance  a  of  the 
surface  of  the  water  below  the  top  of  the  box  is  taken  at  a  point  some  dis- 
tance back  from  the  noteh  (at  least  18  to  20  in.),  where  the  surface  of  the 
water  is  unaflFected  by  the  now  through  the  notch.  The  distance  a,  sub- 
tracted from  the  total  depth  of  the  notch  H,  gives  the  head  h  of  the  water 
passing  over  the  noteh.  The  discharge  in  cubic  feet  per  second  maybe 
found  l^y  the  formula  _ 

Q  =  .306|//i*  =  .306  hWK 
in  which  Q  equals  the  quantity  in  cubic  feet  per  minute  and  A  equals  the 
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head  in  inches. 

The  accompanyine  table  gi\ 

es  the  discharge  in  cubic  fei 
Bs  shown  in  Big.  9,  for  head 

per  minute  through  a 
varying  from  1.05  in.  t< 

right-angled  V 

notch, 

)12in. 

TABLE  1. 

Discharge  op  Water  Through  a  Right-Angled  V  Notch. 

h 

Head. 
Inches. 

Q 

Quantltj 
per  Min. 
Cu.  Ft. 

h 

Head. 
Inches. 

q 

Quantity 
per  Min. 
Cu.  Ft. 

h 

Head. 
Inches. 

Quantity 
per  Min. 
Cu.  Ft. 

h 

Head. 
Inches. 

Quantity 
per  Min. 
Cu.  Ft. 

h 

Head. 
Inches. 

Q 
Quandlj 
per  Min. 
Cu.  Ft. 

1.05 

.3457 

3.25 

5.827 

5.45 

21.22 

7.65 

49.53 

9.85 

93.18 

1.10 

.3884 

3.30 

6.054 

5.50 

21.71 

7.70 

60.34 

9.90 

94.37 

1.15 

.4340 

3.35 

6.285 

6.55 

22.20 

7.75 

61.16 

9.95 

95.56 

1.20 

.4827 

3.40 

6.523 

6.60 

22.70 

7.80 

51.99 

10.00 

96.77 

1.25 

.5345 

3.45 

6.765 

6.65 

23.22 

7.86 

52.83 

10.05 

97.98 

1.30 

.5896 

3.50 

7:012 

5.70 

23.74 

7.90 

53.67 

10.10 

99.20 

1.35 

.6480 

3.55 

7.266 

6.76 

24.26 

7.95 

54.53 

10.15 

100.43 

1.40 

.7096 

3.60 

7.524 

6.80 

24.79 

8.00 

55.39 

10.20 

101.67 

1.45 

.7747 

3.65 

7.788 

5.85 

25.33. 

8.05 

56.26 

10.25 

102.92 

1.50 

.8432 

3.70 

8.058 

5.90 

25.87 

8.10 

57.14 

10.30 

104.18 

1.55 

.9153 

3,75 

8.332 

5.96 

26.42 

8.15 

58.03 

10.35 

105.45 

1.60 

.9909 

3.80 

8.613 

6.00 

26.98 

8.20 

58.92 

10.40 

106.73 

1.65 

1.0700 

3.85 

8.899 

6.05 

27.55 

8.25 

59.82 

10.45 

108.02 

1.70 

1.1530 

3.90 

9.191 

6.10 

28.12 

8.30 

60.73 

10.50 

109.31 

1.75 

1.2400 

3,95 

9.489 

6.16 

28.70 

8.35 

61.65 

10.55 

110.62 

1.80 

1.3300 

4.00 

9.792 

6.20 

29.28 

8.40 

62.58 

10.60 

111.94 

1.85 

1.4240 

4.05 

10.100 

6.25 

29.88 

8.45 

63.51 

10.65 

113.26 

1.90 

1.5220 

4.10 

10.410 

6.30 

30.48 

8.50 

64.45 

10.70 

114.60 

1.95 

1.6250 

4.15 

10.730 

6.35 

31.09 

8.55 

65.41 

10.75 

115.94 

2.00 

1.7310 

4.20 

11.060 

6.40 

31.71 

8.60 

66.37 

10.80 

117.29 

2.05 

1.8410 

4.25 

11.390 

6.45 

32.33 

8.65 

67.34 

10.85 

118.65 

2,10 

1.9550 

4.30 

11.730 

6.50 

32.96 

8.70 

68.32 

10.90 

120.02 

2.15 

2.0740 

4.35 

12.070 

6.55 

33.60 

8.75 

69.30 

10.96 

121.41 

2.20 

2.1960 

4.40 

12.420 

6.60 

34.24 

8.80 

70.30 

11.00 

122.81 

2.25 

2.3230 

4.45 

12.780 

.  6.65 

34.89 

8.85 

71.30 

11.05 

121.21 

2.30 

2.4550 

4.50 

13.140 

6.70 

35.56 

8.90 

72.31 

11.10 

125.61 

2.35 

2.5900 

4.55 

13.510 

6.75 

36.23 

8.95 

73.33 

11.15 

127.03 

2.40 

2.7300 

4.60 

13.890 

6.80 

36.89 

9.00 

74.36 

11.20 

128.45 

2.45 

2.8750 

4.65 

14.270 

6.85 

37.58 

9.05 

75.40 

11.26 

129.90 

2.50 

3.0240 

4.70 

14.650 

6.90 

38.27 

9.10 

76.44 

11.30 

131.35 

2.55 

3.1770 

4.75 

15.040 

6.95 

38.96 

9.15 

77.49 

11.35 

132.81 

2.60 

3.3350 

4.80 

15.440 

7.00 

39.67 

9.20 

78.55 

11.40 

134.27 

2.65 

3.4980 

4.85 

15.850 

7.05 

40.38 

9.25 

79.63 

11.45 

135.75 

2.70 

3.6660 

4.90 

16.260 

7.10 

41.10 

9.30 

80.71 

11.50 

137.23 

2.75 

3.8380 

4.95 

16.680 

7.15 

41.83 

9.35 

81.80 

11.65 

138.73 

2.80 

4.0140 

5.00 

17.110 

7.20 

42.56 

9.40 

82.90 

11.60 

140.23 

2.85 

4.1960 

5.05 

17.540 

7.25 

43.30 

9.45 

84.01 

11.65 

141.75 

2.90 

4.3820 

5.10 

17.970 

7.30 

44.06 

9.50 

85.12 

11.70 

143.28 

2.95 

4.5740 

5.15 

18.420 

7.35 

44.82 

9.55 

86.24 

11.75 

144.82 

3.00 

4.7700 

6.20 

18.870 

7.40 

45.58 

9.60 

87.37 

11.80 

146.36 

3.05 

4.9710 

6.25 

19.320 

7.45 

46.36 

9.65 

88.62 

11.85 

147.91' 

3.10 

5.1780 

5.30 

19.790 

7.50 

47.14 

9.70 

89.67 

11.90 

149.48 

3.15 

5.3880 

5.35 

20.260 

7.55 

47.92 

9.75 

90.83 

11.95 

151.05 

3.20 

5.6050 

5.40 

20.730 

7.60 

48.72 

9.80 

92.00 

12.00 

152.M 

1  cu.  ft.  cont 

-ains  7.4 

8  U.  S.  gallons; 

1  U.  S.  g 

allon  w 

eighs  8.34  lb. 

Gauging  by  W 
purpose  of  dive 

Blr8.-A 

weir  is  an  obst 

ruction 

placed 
tflowt 

across  a  stream  for  the 

urging  t 
jr  be  a  B 

he  water  so  as  t 

9  make  i 

hrough  a  desired  chan- 
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otch  or  openln 
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ch  the  w 

ater  to 

uches  only  the  bottom 
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pmd  contrtictions,  Fig.  10  (6).  The  crest  and  edges  of  the  weir  with  end  con- 
tractions should  be  sharp,  as  shown  at  a,'  Fig.  10  (c)  and  (d).  The  head 
of  water  If  producing  the  flow  over  the  weir  should  be  measured  at  a  suffi- 
cient distance  from  the  crest  to  avoid  the  effects  of  the  curve  of  the  surface 
as  it  flows  over  the  crest.  The 
water  above  the  weir  should 
be  motionless,  or  if  it  has  any 
perceptible  current  toward 
the  weir,  this  should  be  deter- 
mined and  taken  into  account 
in  the  formula.  Fig.  11  illus- 
trates a  weir  constructed  across 
a  small  stream  for  measuring 
its  flow.  Tbe  head  is  measured 
from  the  stake  Eaome  distance 
back  of  the  weir,  the  top  of  the  stake  being  level  with  the  crest  of  the  weir 
B.  The  discharge  over  the  weir. may  be  calculated  from  the  following 
formula: 


Fig.  9. 


Let  I 
H 


=■  length  of  weir  in  feet; 
=  headii 


infect; 

=  velocity  with  which  the  water  Approaches  the  weir  in  feet; 
h  =  tk  head  equivalent  to   the  velocity   with   which  the   water 

approaches  the  weir; 
c  =  coefficient  of  discharge; 
Q  =  theoretic  discharge  in  cubic  feet  per  second; 
<?  =  actual  discharge  m  cubic  feet  pter  second. 
For  weirs  with  end  contractions  and  a  velocity  of  approach,  the  actual 
discharge  is 

^S^«  Q  =  5.347cil/(/r+iA)». 

^/^i^i^^g^^^  Where  the   water  has  no 

l^''l!(lii^^^^^^^^^      velocity  of  approach, 

Q  =  6.347  civ/^». 
For  weirs  without  end  con- 

T^T) tractions,  but  with  a  velocity 

^  '                 of  approach,  the  actual  dis- 
charge is 

.,,}W^m^^^^B        Q  =  5.347c?  V{II  +  \Ah)^. 
'/////// A^^^^^^^^  Where  the   water  has  no 
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Formula  for  weirs  with  end  contractions  should  read: 

Q  =  .=k347  ci|/Cff+1.4  A)"  instead  of  Q  =  6.347  ely   (H  -^  i  hy-K 

formula  for  weirs  without  end  contraction  should  read: 

Q  =  ^.MJ  cl  /  {WTTW  instead  of  Q  =  5.347  clyiH  -\-lA  h)K 


^«ir,  lb  18  usually  neg- 
lected unless  great 
accuracy  is  required. 

The  values  of  coeffi- 
cients of  discharge,  as 
determined  fh)m  ex- 
periments for  weirs 
with  end  contractions, 
are  given  in  Table  II, 
and  for  weirs  without  end  contractions  in  Table  III.  The  values  of  the 
coefficients  in  Tables  II  and  III  are  given  in  feet  and  tenth]^.    Frequently 


Fig.  11. 
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in  measarinff  water  where  only  a  close  approximatfon  is  required,  it  is 
desired  to  take  all  of  the  measui'ement  in  feet  and  inches.    See  Table  IV. 


Values  op  the  Coefficient  op  Discharge  for  Weirs  With 
End  Contractions. 


Length  of  Weir 

.    Feet. 

Effective  Head. 

Feet. 

.66 

1 

2 

3 

5 

10 

19 

.10 

.632 

.639 

.646 

.652 

.653 

.655 

.656 

.15 

.619 

.625 

.634 

.638 

.640 

.641 

.6^ 

.20 

.611 

.618 

.626 

.630 

.631 

.633 

.634 

.25 

.605 

.612 

.621 

.624 

.626 

.628 

.629 

.30 

.601 

.608 

.616 

.619 

.621 

.624 

.625 

.40 

.595 

.601 

.609 

.613 

.615 

.618 

.620 

.50 

.590 

.596 

.605 

.608 

.611 

.615 

.617 

.60 

.587 

.593 

.601 

.605 

.608 

.613 

.615 

.70 

.590 

.598 

.603 

.606 

.612 

.614 

.80 

.595 

.600 

.604 

.611 

.613 

.90 

.592 

.598 

.603 

.609 

.612 

1.00 

.590 

.595 

.601 

.608 

.611 

1.20 

.585 

.591 

.597 

.605 

.610 

1.40 

.580 

.587 

.594 

.602 

.609 

1.60 

.582 

.591 

.600 

.607 

TABLE  III. 

Values  of  the  Coefficient  of  Discharge  for  Weirs  Without 
End  Contractions. 


Length  of  Weir 

.   Feet. 

Effective  Head. 

Feet. 

i 

19 

10 

7 

5 

4 

3 

2 

.10 

.657 

.658 

.658 

.659 

.15 

.643 

.644 

.645 

.645 

.647 

.649 

652 

.20 

.635 

.637 

.637 

.638 

.641 

.642 

645 

.25 

.630 

.632 

.633 

.634 

.636 

.638 

641 

.30 

.626 

.628 

.629 

.631 

.633 

.636 

639 

.40 

.   .621 

.62:^ 

.625 

.628 

.630 

.633 

636 

.50 

.619 

.621 

.624 

.627 

.630 

.633 

637 

.60 

.618 

.620 

.623 

.627 

.630 

.634 

688 

.70 

.618 

.620 

.624 

.628 

.631 

.635 

640 

.80 

.618 

.621 

.625 

.629 

.633 

.637 

643 

.90 

.619 

.622 

.627 

.631 

.635 

.689 

645 

1.00 

.619 

.624 

.628 

.633 

.637 

.641 

648 

1.20 

.620 

.626 

.632 

.636 

.641 

.646 

1.40 

.622 

.629 

.634 

.640 

.644 

1.60 

.623 

.631 

.637 

.642 

.647 
^=^ — 
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TABLK    IV. 

Weir  Ta-ble  Giving  Cubic  Feet  Discharged  per  Minute  for  Each  Inch 
IN  Length  of  Weib  fob  Depths  From  i  In.  to  25  In. 

This  table  should  not  be  used  unless  the  length  of  the  crest  is  at  least 
3  or  4  times  the  depth  of  water  passing  over  the  weir,  for  if  this  is  not  the 
ease,  there  will  be  serious  errors  caused  by  end  contractions. 


Inches. 

0 

* 

i 

f 

k 

t 

* 

I 

0 

.01 

.05 

.09 

.14 

.20 

.26 

.33 

1 

.40 

.47 

.55 

.65 

.74 

.83 

.93 

1.03 

2 

1.14 

1.24 

1.36 

1.47 

1.59 

1.71 

1.83 

1.96 

3 

2.09 

2.23 

2.36 

2.50 

2.68 

2.78 

2.92 

3.07 

4 

3.22 

3.37 

3.52 

3.68 

3.83 

3.99 

4.16 

4.32 

5 

4.50 

4.67 

4.81 

5.01 

5.18 

5.36 

5.54 

5.72. 

6 

5.90 

6.09 

6.28 

6.47 

6.65 

6.85 

7.05 

7.25 

7 

7.44 

7.64 

7.84 

8.05 

8.25 

8.45 

8.66 

8.86 

8 

9.10 

9.31 

9.52 

9.74 

9.96 

10.18 

10.40 

10.62 

9 

10.86 

11.08 

11.31 

11.54 

11.77 

12.00 

12.23 

12.47 

10 

12.71 

13.95 

13.19 

13.43 

13.67 

13.93 

14.16 

14.42 

11 

14.67 

14.92 

15.18 

15.43 

15.67 

15.96 

16.20 

16.46 

12 

16.73 

16.99 

17.26 

17.52 

17.78 

18.05 

18.32 

18.58 

13 

18.87 

19.14 

19.42 

19.69 

19.97 

20.24 

20.52 

20.80 

14 

21.09 

21.37 

21.65 

21.94 

22.22 

22.51 

22.79 

23.08 

15 

23.38 

23.67 

23.97 

24.26 

24.56 

24.86 

25.16 

25.46 

16 

25.76 

26.06 

26.36 

26.66 

26.97 

27.27 

27.58 

27.89 

17 

28.20 

28.51 

28.82 

29.14 

29.45 

29.76 

30.06 

30.39 

18 

30.70 

81.02 

31.34 

31.66 

31.98 

32.31 

32.63 

32.96 

19 

33.29 

33.61 

33.94 

34.27 

34.60 

34.94 

35.27 

35.60 

20 

35.94 

36.27 

36.60 

36.94 

37.28 

37.62 

37.96 

38.31 

21 

38.65 

39.00 

39.34 

39.69 

40.04 

40.39 

40.73 

41.09 

22 

41.43 

41.78 

42.13 

42.49 

42.84 

43.20 

43.56 

43.92 

23 

44.28 

44.64 

45.00 

45.38 

45.71 

46.06 

46.43 

46.81 

24 

47.18 

47.55 

47.91 

48.28 

48.65 

49.02 

49.39 

49.76 

CONVERSION    FAOTORS. 


Cubio  FMt  Intp  Gtllons: 


1  700 
1  cu.  ft.  =  1,?28  cu.  in.  =  -^y  gal. 


7.4805194  gal. 


GslloM  Into  Cubio  Foot: 


231 


.133680555  cu.  ft. 


1  United  States  liquid  gal.  =•  231  cu.  in.  =  -       cu.  ft.  = 

Foot  per  Sooond  Into  Miles  per  Hour: 

1  ft.  per  sec.  =  3,600  ft.  per  hr.  =  -'    -,  or  —  miles  per  hour. 

Miles  per  Hoar  Into  Feet  per  Second: 

5  280        22 
1  mi.  per  hr.  ='  5,280  ft.  per  hr.  =    '-— ,  or  —  ft.  per  sec. 

o,oUU         10 

Second -Feet  per  Dsy  Into  Gsilons: 
1  second-foot,  or  7.4805194  gal.  per  sec.  for  1  day.  or  86,400  sec. 

Millions  of  Gsilons  Into  Second-Feet  per  Dsy:^ 


=  646,316.87616  gal. 


1,000,000  gal.  per  24  hr. 


231,000,000 


1,728  X  86,400 
Seoond-Feet  per  Dsy  Into  Acre-Feet: 
1  second-foot  flow  for  1  day  =  86,400  cu.  ft. 


cu.  ft.  per  sec,  or  1.5472286  second-feet. 


86,400 
43,560' 


,acre-feet. 
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Aere-Feet  Into  Second-Feet  Flow  for  24  Hours: 

One  acre-foot  each  24  hr.  =^  43,560  cu.  ft.  each  86,400  sec. 

—  QA^ITvi'  ^^  oin  second-foot  flow  for  24  hr. 

oO|4(JU  Z4U 

Acre-Feet  Into  Gallons: 

r    *.        .o  K^r.        r.        43,560  X  1,728        75,271,680        .^^^  „^,  ,^       , 
1  acre-foot  =  43,560  cu.  ft.  =  — ? — ^—^ — ,  or     '      ' — ,  or  325,851.428  gal- 

Mlllions  of  Gallons  Into  Acre-Feet: 
1,000,000  United  States  liquid'gal.,or  231,000,000  cu.  in.  =  133,680.555  cu.  ft., 

iqq  f^if) 

or  ^^^  =  3.0688832  acre-feet. 

Second-Feet  Into  Minute  Gallons: 

Factors:  1  cu.  ft.  contains  1,728  cu.  in.;  1  gal.  has  A  capacity  of  231  cu.  in.; 
1  second-foot  equals  [(1,728  ^  231)  X  60]  gal,  per  min.,  or  448.aS1164  minute- 
gallons. 

Minute-Gallons  Into  Second-Feet: 

Factors:  1  gal.  contains  231  cu.  in.;  1  cu.  ft.  contains  1,728  cu.  in.;  1  gal. 
j>eT  min.  equals  [(231  -i- 1,728)  -i-  60]  second-feet,  or  .0022280092  second-foot. 


PLOW  OP  WATER   IN  OPEN   CHANNELS. 

Ditches.— In  the  case  of  hydraulic  mining  and  irrigation,  water  is  nsnally 
conveyed  through  ditches.  The  ditch  line  should  be  carefully  surveyed  and 
all  brush  and  trees  removed,  and  the  underbrush  cut  away  and  burned, 
before  beginning  to  excavate  the  ditch. 

The  following  letters  will  be  used  in  the  formulas  for  determining  the 
various  factors  relating  to  ditches: 

h  =  difference  in  level  between  ends  of  canal  or  ditch,  or  between  two 

E Dints  under  consideration; 
orizontal  length  of  portion  of  c&nal  or  ditch  under  consideration; 

8  =  slope  =  ratio  y  =  sin  of  slope; 

a  =  area  of  water  cross-section  in  square  feet; 

p  =  wet  perimeter  =  portion  of  outline  of  cross-section  of  stream  in 
contact  with  channel,  in  feet; 

r  =  hydraulic  radius,  or  hydraulic  mean  depth  =  ratio  -; 

&  =  coefficient,  depending  on  nature  of  surface  of  the  ditch;  t 

c  =  coefficient  depending  on  nature  of  surface  of  ditch,  as  determined  by 
Kutter's  formula; 

V  —  mean  velocity  of  flow  in  feet  per  second; 

1/  =  surface  velocity  of  a  stream; 

vj  =  bottom  velocity  of  a  stream; 

X  =  bottom  or  one  side  of  a  section,  the  form  of  which  is  half  a  regular 
hexagon,  in  feet; 

Q  =  quantity  of  water  flowing,  in  cubic  feet  per  second; 

n  =  coefficient  of  roughness  in  Kutter's  formula. 

The  form  of  ditch  and  its  grade  will  depend  largely  on  the. amount  of 
water  to  be  conveyed  and  the  character  of  the  soil  in  the  section  under 
conrideration.  As  a  general  rule,  the  average  flow  of  water  in  a  ditch 
should  not  be  less  than  2  ft.  per  second,  and  under  most  circumstances 
should  not  exceed  4  ft.,  though  m  rare  cases  where  the  formation  is  suitable, 
mean  velocities  of  5  ft.  per  second  are  employed.  Sand  will  deposit  from  a 
current  flowing  at  ihe  rate  of  \\  ft.  per  second,  and  if  the  current  does  not 
have  a  velocity  of  at  least  2  ft.  per  second,  vegetation  is  liable  to  block  the 
ditch  line. 

Safe  Bottom  Velocity.— The  bottom  velocity  of  a  stream  may  be  obtained 
from  the  average  velocity  by  the  following  formula:  v^  =  v  —  io.87  i/ri. 

The  following  table  gives  values  of  safe  bottom  and  mean  velocities,  cor- 
ondin^  with  certain  materials,  as  given  by  Ganguillet  and  Kutter: 
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Material  of  Channel. 

Safe  Bottom  Velocltyr,. 
Feet  per  Second. 

Mean  Velocity  t». 
Feet  per  Second. 

Soft  brown  earth 

.249 
.499 
1.000 
1.998 
2.999 
4.008 
4.988 
6.006 
10.009 

.328 

.656 

Sand 

Gravel 

Pebbles    

Broken  stone,  flint 

Conglomerate,  soft  slate 

Stratlfiecl  rock 

1.312 
2.625 
3.938 
5.579 
6.564 
8.204 

Hard  rock  

13.127 

Resistance  of  Soils  to  Erosion  by  Water.— W.  A.  Burr,  "Engineering News," 
February  8, 1894,  gives  a  diagram  showing  the  resistance  of  various  soils  to 
erosion  by  water.  The  following  values  have  been  selected  from  Mr.  Burr's 
work  for  diflfe^ent  kinds  of  soil: 

Pure  sand  resists  erosion  by  flow  of 1.10  ft.  per  sec. 

Sandy  soil,  155<  clay 1.20  ft.  per  sec. 

Sandy  loam,  40<  clay 1.80  ft.  per  sec. 

Loamy  soil,  65ji  clay 3.00  ft.  per  sec. 

Clay  loam,  85fi  clay 4.80  ft.  per  sec. 

Agricultural  clay,  96^  clay 6.20  ft.  per  sec. 

Cfiiy  7.35  ft.  per  sec. 

Csrrying  Capsoity  of  Ditches.— Ditches  should  never  be  run  ftiU,  but  should 
be  constructed  large  enough  so  that  they  will  carry  the  desired  amount  of 
water  when  firom  *  to  i  flill.  For  any  eiven  cross-section,  the  greatest  flow 
will  be  attained  when  the  hydraulic  radius  or  hydraulic  mean  depth  is  equal 
to  one-half  of  the  actual  depth  of  the  channel.  The  cross-section  of  a  ditch 
or  conduit  that  has  the  greatest  possible  carryhig  capacity  is  a  half  circle, 
and  the  nearest  practical  approach  to  this  is  a  naif  hexagon.  Knowing 
the  cross-section  of  a  ditch,  its  dimensions  may  be  found  by  the  formula: 

,  2a 


V2a  _ 
2.598' 


As  the  obtuse  angle  between  the  side  and  bottom  of  the  ditch  is  120°,  the 
form  can  be  easily  laid  oflF.  The  carrying  capacity  of  ditches  generally 
increases  after  they  have  been  in  use  some  time,  as  the  ditch  becomes  lined 
with  a  fine  scum  that  closes  the  pores  in  the  soil  and  prevents  leakage.  This 
T&&Y%icrea8e  the  amount  to  as  much  as  10^. 

Srsdo. — ^The  grade  of  the  ditch  must  be  sufficient  to  create  the  desired 
velocity  of  flow,  and  depends  largely  on  the  character  of  the  material  com- 
posing the  surfaces  of  the  ditch.  If  the  surface  is  smooth,  as,  for  instance, 
Nvhere  the  ditch  is  cut  through  clay  or  is  lined  with  masonry,  the  grade  can 
be  considerably  less  than  where  the  surface  is  rough,  or  when  cut  through 
coarse  gravel  or  when  lined  with  rough  stone.  In  mountainous  countries, 
where  ue  ground  is  hard,  deep  narrow  ditches  with  steep  grades  are  gener- 
ally preferred  to  larger  channels  with  gentle  slopes,  as  the  cost  of  excavation 
is  considerably  less;  but  steep  grades  and  narrow  ditches  are  suitable  only 
when  the  banks  can  resist  the  rapid  flow.  In  California,  grades  of  from  16  to 
20  ft.  per  mile  are  used,  and  10  ft.  per  mile  is  auite  common.  Water  channels 
of  a  uniform  cross-section  should  have  a  uniform  grade,  otherwise,  the  flow 
wUl  be  checked  in  places,  which  will  result  in  deposits  of  sand  or  silt  in 
some  portions  of  the  ditch,  which  are  liable  to  cause  the  banks  to  be  over- 
flowea  and  the  ditch  to  be  ultimately  destroyed.  In  designing  any  given 
ditch,  the  grade  is  generally  assumed  to  correspond  to  the  formation  of  the 
country  and  the  velocity  flgured  from  the  grade.  In  case  v  is  found  to  be  so 
great  that  it  would  cut  the  banks,  it  will  be  necessary  either  to  reduce  the 
grade  or  to  change  the  form  of  the  ditch  so  as  to  reduce  the  velocity. 

Ditch  bsnks,  when  possible,  should  be  composed  of  solid  material,  but 
frequently  it  is  necessary  to  use  excavated  material.  Where  this  is  the  case, 
care  must  be  taken  to  see  that  the  material  is  so  placed  as  to  avoid  settling 
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and  cracking  as  much  as  possible.  All  stumps,  roots,  etc.  should  be  separated 
from  the  material  to  be  used  for  embankments.  If  artificial  banks  are  neces- 
sary, it  is  best  to  build  them  of  masonry,  provided  the  expense  is  not  too 
great;  or,  the  water  may  be  carried  across  depressions  in  pipes  or  flumes. 
When  the  character  of  tne  material  through  which  the  ditch  is  constructed 
is  not  sufficiently  firm  to  resist  the  desired  current  velocity,  it  becomes  neces- 
sary to  line  the  ditch.  In  some  locations  the  ditches  are  simply  smoothed 
on  the  inside  and  lined  with  from  |  in.  to  1  in.  of  cement  mortar,  made  up 
of  Portland  cement  and  sharp  sand.  In  other  cases  they  are  lined  with  dry 
stonework  laid  ifp  in  order  and  careftilly  bonded  together.  Sometimes  the 
stonework  is  pointed  with  cement  or  mortar  on  the  inside,  so  as  to  present  a 
more  uniform  surface  to  the  flow.  In  other  cases,  the  sides  are  simply 
revetted  with  stone. 

Influence  of  Depth  on  Ditch.— The  depth  of  the  flow  in  a  ditch  has  consider- 
able influence  on  the  scouring  or  eroding:  of  the  bottom  and  the  banks, 
owing  to  the  fact  that  a  much  greater  average  velocity  can  be  attained  in  a 
deep  stream  than  in  a  shallow  stream,  without  causing  an  excessive  velocity 
of  tne  water  in  contact  with  the  wet  perimeter.  For  this  reason,  in  cases 
where  banks  will  stand  It,  It  is  best  to  use  narrow  deep  ditches  rather  than 
wide  flat  ditches,  though  each  location  has  to  be  treated  in  accordance  with 
its  own  special  conditions,  and  no  general  rule  can  be  laid  down. 

Measuring  the  Flow  of  Water  in  Channels.— The  laws  for  the  resistance  to  the 
flow  may  be  expressed  by  the  relation  (see  page  142  for  significance  of  letters): 


ha  =  c'lpi/';  or,  v  ■■ 


H^i 


'  yc'i 


<i 


X8Xr. 


lie- 


-y-^' 


the  formula  becomes  v  =  c  \^  ra. 


The  coefficient  c  is  usually  found  by  means  of  Kutter's  formula,  one  form 
of  which  is  as  follows: 

'        23  +  1  +  -^^ 


\  *      /   i/  r 


The  values  for  n,  the  coefficient  of  roughness,  under  various  conditions, 
are  as  follows: 


Character  of  Channel. 


Clean,  well-planed  timber 

Clean,  smooth,  glazed  iron,  and  stoneware  pipes 

Masonry,  smoothly  plastered  with  cement,  and  for  very  clean, 
smooth,  cast-iron  pipe 

Unplaned  timber,  ordinary  cast-iron  pipe,  and  selected  pipe 
sewers,  well  laid  and  thoroughly  flushed 

Rough  iron  pipes  and  ordinary  sewer  pipes,  laid  under  the 
usual  conditions 

Dressed  masonry  and  well-laid  brickwork  

Good  rubble  masonry  and  ordinary  rough  or  fouled  brickwork 

Coarse  rubble  masonry  and  firm,  compact  gravel 

Well-made  earth  canals  in  good  alinement 

Rivers  and  canals  in  moderately  good  order  and  perfectly  free 
from  stones  and  weeds 

Rivers  and  canals  in  rather  bad  condition  and  somewhat 
obstructed  by  stones  and  weeds  

Rivers  and  canals  in  bad  condition,  overgrown  with  vegeta- 
tion and  strewn  with  stones  and  other  detritus,  according  to 
'Condition  


Value  of  n. 


.009 
.010 

.011 

.012 

.013 
.015 
.017 
.020 
.0225 

.025 

.080 

.035  to  .050 
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As  it  is  quite  difficult  to  obtain  the  value  of  c  by  Kutter's  formula,  the  fol- 
lowing three  approximate  formulas  for  v  are  given: 

For  canaU  with  earthen  banks,  v  =  -v^?^-^!!-- 

\   9  r  +  35 


If  the  ditch  is  lined  with  dry  stonework,    r  ■■ 


,100,000f*» 


If  the  ditch  is  lined  with  nibble  masonry,  v=  *,^?^;^'**. 

To  find  the  quantity  Q  of  water  flowing  through  any  channel  in  a  given 
time,  multiply  the  velocity  by  the  area,  or  Q  =  a  t». 

Flow  in  Brooks  tsd  Rivort.— When  a  stream  is  so  large  that  it  becomes 
impracticable  to  employ  a  weir  for  measuring  its  flow,  fairly  accurate 
results  may  be  arrived  at  by  determining  the  velocity  of  the  current  at 
various  points  in  a  careAilly  surveyed  cross-section  of  the  stream,  thus 
detennimng  both  v  and  a.  The  greatest  velocity  of  current  occurs  at  a  point 
some  distance  below  the  surface,  in  the  deepest  part  of  the  channel.  When 
determining  the  current  velocities  in  the  different  portions  of  a  stream,  it  is 
frequently  advantageous  to  divide  the  stream  into  divisions.  This  may  be 
accomplished  by  stretching  a  wire  across  and  tying  strings  or  rags  about  the 
wire  at  various  points.  The  mean  velocity  of  the  current  between  these 
points  can  be  determined  by  current  meters,  or  by  floats.  The  points  for 
observation  should  be  chosen  where  the  channel  is  comparatively  straight 
and  the  current  uniform.  Surface  floats  may  be  used,  in  which  case  the 
mean  velocity  of  the  point  where  the  float  is  used  may  be  found  as  follows: 
If  t/  equals  the  observed  velocity,  then  the  mean  velocity  will  be  v  ^  .9  v'. 

By  taking  observations  of  the  velocity  of  the  current  in  each  section  of 
a  stream,  the  amount  of  water  flowing  may  be  determined  for  each  separate 
section.  The  total  amount  of  water  flowing  in  the  stream  will  be  the  sum 
of  the  amounts  in  each  section.  The  average  velocity  of  the  entire  stream 
may  be  found  by  dividing  the  total  amount  of  water  flowing  by  total  area  of 
the  CTOfS-section  of  the  stream.  The  correction  necessary  to  reduce  surface 
velocity  to  mean  velocity  may  be  made  as  follows:  Measure  off  ^  of  the 
ordinary  distance,  and  figure  the  time  as  though  for  the  AiU  distance.  For 
instance,  if  only  90  ft.  were  employed,  the  time  would  be  taken  and  the 
problem  flgured  as  though  it  were  100  ft.,  on  account  of  the  fact  that  the 
mean  velocity  is  only  ^  of  the  surface  velocity. 


FLUMES. 

Flumes  are  used  for  conveying  water  when  a  ditch  line  would  be 
abnormally  long,  or  when  the  matenal  to  be  excavated  is  very  hard.  They 
may  be  constructed  of  timber  or  of  metal,  but  metal  flumes  are  comoara- 
tively  rare,  as  piping  can  be  used  instead.  The  line  of  the  proposed  nume 
should  be  caremlly  cleared  of  all  standing  timber,  and  the  brush  burned  for 
at  least  20  ft.  each  side  of  the  flume  line  to  prevent  danger  from  Are.  The 
life  of  an  ordinary  flume,  which  is  supported  on  or  constructed  of  timber,  is 
always  short,  varying,  as  a  rule,  from  10  to  20  years,  depending  on  whether 
the  flume  is  allowed  to  run  dry  a  |)ortion  of  the  year  or  is  always  frill  of 
water,  the  care  with  which  it  was  originally  constructed,  and  the  attention 
paid  to  repairs. 

Grade  of  Flumes.— Flumes  are  usually  set  on  a  much  steeper  grade  than  is 
possible  in  ditches,  the  grade  frequently  being  as  much  as  25  to  30  ft.  per 
mile,  and  In  special  cases  even  more.  The  result  of  this  is  that  the  carrj'ing 
capacity  of  flumes  is  much  greater  than  that  of  ditches  of  the  same  size. 

The  form  of  flume  depends  largely  on  the  material  of  which  it  is  constructed. 
Metal  flumes  may  have  a  semicircular  form,  while  wooden  flumes  are  either 
rectangular  or  V-shaped.  The  former  is  used  almost  exclusively  for  con- 
veying water,  and  the  latter  quite  extensively  for  fluming  timber  or 
cord  wood  from  the  mountains  to  the  shipping  point  in  the  valley. 

Timber  flumes  should  be  so  constructed  that  the  water  will  meet  with  but 
small  resistance,  and  the  bottom  and  side  should  be  enclosed  in  a  frame  of 
timbers  so  braced  or  secured  that  there  is  no  possible  chance  of  the  sides 
spreading  or  lifting  from  the  bottom,  and  thus  cause  leakage.  As  a  rale,  al" 
mortised  and  tenoned  joints  should  be  avoided  in  flume  constraetlon 
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Fig.  12. 


Fig.  13. 


Fig.  12  shows  a  timber  flume  in  which  no  joints  are  cut,  the  bottoms  of  the 
posts  being  kept  in  place  by  stringers  spilted  on  the  sills,  and  the  tops  ticxi 
together  by  pieces  bolted  on.  Fig.  13  shows  a  construction  in  which  the  posts 
are  let  into  the  sills  and  supported  by  diagonal'braces.  The  ties  across  the  top 
of  the  posts  are  also  notched  to  receive  the  upper  ends  of  the  posts.    As  a 

rule,  in  such  a  construction 
these  ties  are  only  placed  on 
every  third  or  fourth  frame, 
the  diagonal  braces  being 
depended  on  to  hold  the 
other  posts  in  place.  The 
joints  between  the  planking 
may  be  battened  on  the  in- 
side with  strips  of  i"  lumber. 
4  or  6  in.  wide,  or  the  ed^s 
of  the  planking  may  be 
dressed  and  painted  before 
they  are  put  together,  so  as 
to  form  a  tight  joint. 

ConneotloR  With  Ditches. 
Where  flumes  connect  with 
ditches  or  dams,  the  posts 
for  several  boxes  should  be  made  longer,  so  that  they  may  receive  another 
sideboard  to  prevent  the  water  from  splashing  over  the  sides.  The  flume 
should  also  be  widened  out  or  flared,  both  at  us  entry  and  discharge  ends. 
Where  the  flume  passes  through  a  bank  of  earth,  an  outer  siding  may  be 
nailed  on  the  outside  of  the  posts,  to  protect  the  flume  from,  rotting. 

Trestles.— Where  flumes  are  carried  on  trestles,  the  individual  ii-ames 
supporting  the  flume  are  usuallv  placed  on  heavy  stringers,  which  in  turn 
are  supported  upon  trestle  bents  from  12  to  16  ft.  apart,  the  fhtmes  supporting 
the  flume  being  placed  about  4  ft.  apart. 

Curvet.— Where  flumes  are  laid  around  curves,  the  outer  edge  of  the  flume 
should  he  elevated  so  as  to  prevent  splashing  and  to  cause  the  flowing  water 
to  have  a  uniform  depth  across  the  width  of  the  flume.  It  is  impossible  to 
give  any  definite  rule  as  to  the  amount  that  the  outer  edge  of  the  flume 
should  be  raised,  but  this  is  usually  accomplished  by  iudginfir  the  amount 
when  the  flume  is  first  constructed,  and  correcting  this  oy  wedging  up  after 
the  water  is  flowing.  The  individual  boxes  of  the  flume  may  have  to  be 
cut  into  2  or  3  portions  on  curves,  and  at  times  the  side  planks  are  sawed 
partially  through,  so  as  to  enable  them  to  be  l>ent  to  the  desired  curve. 

Watte  gates  should  be  placed  every  half  mile,  to  empty  the  flume  for 
repairs,  or  in  case  of  accident.  They  are  also  useftil  for  flushing  snow  out  of 
a  flume.  In  snow  regions,  flumes  are  fi-equently  protected  by  sheds  over 
their  exposed  portions. 

Flow  of  Water  Through  Flumes. —As  smooth  wooden  surfaces  offer  consider- 
ably less  resistance  to  the  flow  of  water  than  earth  or  stone  canals,  the 
coefficients  must  necessarily  be  somewhat  reduced,  and  the  following 
formula  is  useful  in  giving  the  flow  of  water  through  flumes: 


V 


100,000  r'^  8 
6.6  r  +  0.46* 


That  flumes  may  have  their  fUll  carrying  capjacity,  they  have  to  be  of 
sufficient  length  to  get  the  water  in  motion,  or,  as  it  is  technically  expressed,  ' 
"  to  put  the  water  in  train."  It  is  largely  on  this  account  that  flumes  have 
to  be  made  of  a  larger  cross-section  at  both  the  entrance  and  the  exit.  In 
cold  countries  it  may  be  best  to  construct  the  flume  narrower  than  it  is  deep, 
as  in  cold  weather  the  ice  in  the  narrow  flume  freezes  a  crust  entirely  across 
the  surface,  thus  protecting  the  water  from  further  action  of  the  elements 
and  frequently  prolonging  the  flow  through  the  flume  for  several  weeks, 
while  wide  shallow  flumes  will  not  freeze  on  the  surface  so  quicklv,  but  will 
freeze  in  from  the  bottom  and  sides  until  they  are  practically  a  solid  mass  of 
ice.  When  a  flume  is  laid  on  the  ground  along  a  bank,  it  should  be  laid  as 
close  to  the  bank  as  possible,  so  as  to  protect  it  from  snow  or  landslides,  and 
so  that  in  the  winter  the  snow  will  drift  in  under  and  behind  it,  thus 
preventing  the  circulation  of  the  air  about  the  flume.  This  will  protect  the 
^ume,  and  may  prolong  the  flow  for  some  time  after  cold  weather  sets  in. 
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TUNNELS. 

Tunnels  are  sometimes  used  for  conveying  water,  in  connection  with 
flume  or  ditch  lines.  Where  a  tunnel  is  unlined,  it  is  best  to  give  the  roof 
tlie  shape  of  the  Gothic  arch,  owing  to  the  fact  that  this  stands  better  and 
resists  scaling  to  a  greater  extent  than  the  round  arch,  which  usually  scales 
off  until  it  has  the  form  of  the  Gothic  arch.  If  tunnels  are  to  be  used  as 
■water  conduits,  without  lining,  care  should  be  taken  to  make  the  inside  of 
tlie  tunnel  as  smooth  as  possible.  In  some  cases,  in  order  to  increase  the 
cajrrying  capacity  of  the  tunnel,  they  have  been  lined  with  wooden-stave 
pil)e,  backed  with  concrete,  the  pipe  requiring  no  metal  bands,  but  depend- 
ing on  the  concrete  to  keep  it  in  place.  When  such  linings  are  employed,  it 
is  not  practicable  to  have  them  exposed  to  the  alternate  action  of  the  water 
and  the  atmosphere,  hence  the  tunnel  should  be  kept  continually  full  of 
-water.  To  accomplish  this,  the  tunnel  may  be  dropped  below  the  grade  of 
tlie  ditch  or  flume  line,  so  that  it  is  always  under  a  slight  hvdrostatic 
pressure,  and  even  if  the  water  were  turned  off  from  the  line,  the  tunnel 
Avould  remain  full  of  water,  the  same  as  an  inverted  siphon.  Sometimes 
tunnels  are  lined  with  cement,  being  given  either  a  circular  or  oval  form, 
or  they  may  have  a  flat  bottom,  with  flat  sides  and  an  arched  roof.  The 
cement  may  be  placed  directly  on  the  country  rock  composing  the  walls  of 
the  tunnel,  or  the  tunnel  may  be  lined  with  brick  or  stone,  and  then 
cemented  on  the  inside. 

Flow  Through  Tunnels.— The  flow  of  water  through  tunnels,  when  they  are 
only  partially  filled,  is  calculated  by  the  formulas  for  flow  in  open  channels, 
while  in  the  case  of  lined  tunnels  that  are  run  full,  the  flow  is- calculated  by 
formulas  for  calculating  the  flow  through  pipes. 


FLOW  THROUGH    PIPES. 

Hydraulic  Gradient.— If  a  pipe  of  uniform  cross-section  be  connected  with 
a  reservoir,  and  water  allowed  to  discharge  through  its  open  end,  it  has  been 
found  that  the  pressure  on  the  pipe  at  any  point  is  equal  to  the  vertical  dis- 
tance flx)in  the  center  of  the  pipe  at  that  point  to  an  ima^nary  line,  called 
the  hydravlic  gradient  or  hydraiaic  grade  line.  This  is  a  line  drawn  from  a 
point  slightly  below  the 
surfoce  of  the  water  in  the 
reservoir  to  the  outlet  of  § 
the  pipe,  as  a  6,  Fig.  14.  - 
The  distance  from  the  sur- 
face of  the  water  to  the 
point  a  is  equal  to  the  head 
lost  in  overcoming  the  fric-  : 
tion  at  the  entrance  to  the 
pipe,  and  is  rarely  over  1  ft. 
If  the  pipe  were  laid  along 
the  line  a  b,  it  would  carry  - 
exactly  the  same  amount  1 
of  water  as  when  laid  hori- 
zontally, as  shown,  but 
there  would  be  practically 
no  pressure  tending  to 
burst  the  pipe  at  any  point 
along  this  line;  while  if  it 
w'ere  laid  along  the  line  from  the  point  a'  (the  reservoir  being  made 
deeper),  it  would  still  deliver  exactly  the  same  amount  of  water,  but  the 
pressure  tending  to  burst  the  pipe  would  be  greatly  increased.  In  order 
that  a  pipe  may  nave  a  maximum  discharge,  no  point  in  the  line  must  rise 
above  the  hydraulic  gradient,  and  it  makes  no  differencie  in  the  discharge 
how  far  below  the  gradient  it  may  fall. 

In  Fig.  15,  the  pipe  rises  above  the  hydraulic  gradient  ac,  and  in  this  case 
a  new  hydraulic  gradient  ah  would  have  to  be  established,  and  the  flow 
calculated  for  this  head,  the  pipe  h  c  simply  acting  to  carry  off  the  water 
delivered  to  it  at  b.  If  the  upper  side  of  the  pipe  were  open  at  the  point  b, 
the  water  would  have  no  tendency  to  escape,  but,  on  the  contrary,  air  would 
probably  enter,  and  the  pipe  flow  only  partially  full  from  b  to  c. 

Flow  in  Pipes.-Darcy,  a  French  engineer,  made  a  series  of  experiments  on 
different  diameters  of  cast-iron  pipe,  with  different  degrees  of  internal 


Fig.  14. 
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roughness,  Arom  which  he  calculated  a  series  of  formulas.  The  followin 
are  some  of  these  formulas,  as  arranged  by  Mr.  E.  Sherman  Gould,  C.  E.,  E.  >C 
one  of  the  most  experienced  hydraulic  engineers  in  America.    Darcy  founi 

that  the  character  of  the  insid# 
surface  of  the  pipe  played  a' 
very  important  part  in  its  dis- 1 
charge,    and  he  deduced  a 
formula  and   determined  a 
series  of  coefficients  for  it,  but 
Mr.  Gould  calls  attention  to  the  | 
fact  that  the  coefficients  for 
pipes  iVom  8"  to  48"  in  diam- 
eter practically   cancel    the 
Fig.  15.  numerical  factor  employed  in 

Darcy's  formula,  and  that  a 
slightly  different  factor  applies  to  pii)es  f^om  3  to  8  in.,  so  that  we  may  hare 
the  following  simple  formulas,  in  which  the  factors  given  apply: 

Q  =  amount  of  water  in  cubic  feet  per  second;  •  I 

o  =  U.  S.  gallons  per  second; 
D  =  diameter  of  pipe  in  feet; 
d  ==  diameter  of  pipe  in  inches; 
H  =  total  head  in  feet; 
h  =  head  per  1,000  ft.; 
V  =  velocity  in  feet  pier  second. 
Pipes  above  8  in.  in  diameter,  rough  inside  surface, 

Q  =  \/~j)^h  =  r^\^nh;  V  =  \.'2n\^Dh. 

For  diameter  in  inches,        Q  ^  d?\/Wh. 

Pipes  between  3  and  8  in.  in  diameter,  rough  inside  surface, 

Q  --=  Oisoj/  i^  =  0.89  iy^Viy^\   V  =  i.is/ZTa. 

Large  pipes,  smooth  inside  surface, 

Q  -  IaVl^K  =  1.4  Dty^Dh;    V  =  l.TS/^DA. 
Small  pipes,  smooth  Inside  surface, 

Q  =  0.89i/2l>^  =   1.25  i>2/:DA;  V=  l,^V^h. 
As  a  rule,  it  is  best  to  calculate  any  pipe  line  by  the  formula  for  pipes 
having  a  rough  internal  surface,  for  if  this  is  not  done  the  results  are  liable 
to  be  disappointing,  owing  to  the  fact  that  all  pipes  become  more  or  less 
rough  with  use. 

Eyteiwein's  Formula  for  the  Delivery  of  Water  In  Pipes: 
D  —  diameter  of  pi^  in  inches; 
H  =  head  of  water  in  feet; 
L  =  len^h  of  pipe  in  feet; 
W  =  cubic  feet  of  water  discharged  ^r  minute 

Hawksley's  Formula: 

O  =  number  of  gallons  delivered  per  hour; 

L  ^  length  of  pipe  in  yards; 

H  =  head  of  water  in  feet; 

D  =  diameter  of  pipe  in  inches. 

^  =  ^\   il'     ^-\ 1— 

Neville's  General  Formula: 

V  ^■=  velocity  in  feet  per  second; 

r  ==  hydraulic  mean  depth  in  feet; 

8  =  sine  of  inclination,  or  total  fall  divided  by  total  length. 

V  =  140\/r8  —  llfr8. 
In  cylindrical  pipes,  v  multiplied  by  47.124  d^  gives  the  discharge  per 
minute  in  cubic  feet,  or  v  multiplied  by  293.7286  rf*  gives  the  discharge  per 
•uinute  in  gallons,  d  being  the  diameter  of  the  pipe  in  feet. 
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COMPARISON     OP     PORMULAS. 

R  =  mean  hydraulic  depth  in  feet  =  area  -s-  wet  perimeter  = 
circular  section  of  pipe; 
If 


for 


S  =  sine  of  slope 


X* 


V    =  velocity  in  feet  per  second; 

d    =  diameter  of  pipe  in  feet; 

L   =  length  of  pipe  in  feet; 

If  =  head  of  water  in  feet. 


Prony,       v 

Eytelwein, 

Eytelwein, 

Hawksley, 

Neville, 
Darcy, 


97.05/J25-  .08;  or,  t;  =  99.88/i2S  -  .154. 

"  =  ^'r+50-d- 

V  =  1(»\/ks  -  .13. 


■•  140\/RS-nfRS. 

5  C\/WS;  for  value  of  C  see  following  Table. 


Diameter  of  ^ipe  (Inches) 
Value  of  C. 


Diameter  of  pipe  (inches) 
Value  of  C 


i 

1 

2 

3 

4 

5 

6 

7 

« 

80 

93 

99 

102 

103 

105 

106 

9 

10 

12 

14 

16 

18 

20 

22 

108 

109 

109.5 

110 

110.5 

110.7 

111 

111.5 

8 
107 


24 
111.5 


Maximum  value  of  Cfor  very  large  pipes,  113.3. 


Kutter, 


where 


Weisbach, 


CVRS, 


181  + 


.00281 


C  = 


■'^{il.6+'^?^\ 


1  + 


Vd\ 


s   ) 


;^»^('.0036  +  :^JV, 


where  h  =  head  necessary  to  overcome  the  friction  in  a  pipe;  r 
radius  of  the  pipe  in  feet;  and  g  =  gravity  ==  32.2. 


the  mean 


Darcy, 


mL[  1    \t;2 


Siphons.— When  any  part  of  the  pipe  line  rises  above  the  source  of  supplv, 
such  a  line  is  called  a  giphon.  If  this  rise  is  greater  than  the  height  of  tlie 
water  barometer  (34  ft.  at  sea  level),  water  will  not  flow  through  the  siphon. 
The  flow  through  the  siphon  will  be  the  same  as  that  through  any  pipe  line 
so  long  as  there  is  no  accumulation  of  air  at  the  highest  point  of  the  line; 
but  such  an  accumulation  will  decrease  or  entirely  stop  the  flow.  All 
aphons  should  be  provided  at  their  hiehest  points  with  valves  for  discharging 
the  air  and  introducing  water  to  fill  tne  siphon,  and  it  is  usually  best  to  trap 
the  lower  end  of  the  pipe  so  that  air  cannot  enter  it,  and  to  enlarge  the 
upper  end  so  as  to  reduce  the  loss  of  the  stream  in  entering.  For  a  siphon 
to  work  well,  the  fall  between  the  intake  and  the  discharge  end  should  be 
considerable,  if  the  rise  amounts  to  much. 
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LOSS  or  HEAD  IN   PIPE  BY  PRIOTtON 

B  e&cli  1.00  ft.  in  lengrth  of  difTerent  diameters,  when  discharKinfi:  the  follow- 
&g  quAxititieg  of  water  i>er  minute,  as  given  by  Pelton  Water  Wheel  Co. 

Inside  Diameter  of  Pipe.    Inches. 


2.87 
2.80 
8.27 
8.78 
4.32 
4.89 
6.47 
6.00 
6.76 
7.48 
8.20 
8.97 
9.77 
10.60 
11.4.5 
12.33 
13.24 
14.20 
15.16 
16.17 
17.23 
22.88 


5S 


.65 
.73 
.79 
.86 
.92 
.99 
1.06 
1.18 
1.19 
1.26 
1.32 
1.S9 
1.45 
1.52 
1.58 
1.65 
1.72 
1.78 
1.85 
1.91 
1.98 
2.31 


1.185 
1.404 
1.639 
1.891 
2.160 
2.440 
2.730 
3.050 
3.880 
3.740 
4.100 
4.490 
4.890 
6.300 
6.720 
6.170 
6.620 
7.100 
7.680 
8.090 
8.610 
11.450 


H 


2.63 
2.88 
3.14 
3.40 
3.66 
3.92 
4.18 
4.46 
4,71 
4.97 
5.23 
5.49 
5.76 
6.02 
6.28 
6.54 
6.80 
7.06 
7.82 
7.68 
7.85 
9.16 


H 


.791 
.936 
1.093 
1.260 
1.440 
1.620 
1.820 
2.040 
2.260 
S.490 
2.730 
2.980 
3.260 
3.530 
3.810 
4.110 
4.410 
4.730 
5.060 
6.400 
5.740 
7.620 


5i 

5.88 
6.48 
7.07 
7.66 
8.24 
8.83 
9.42 
10.00 
10.60 
11.20 
11.80 
12.80 
12.90 
13.50 
14.10 
14.70 
15.30 
15.9U 
16.50 
17.10 
17.70 
20.60 


^6. 


.593 
.702 
.819 
.945 
1.060 
1.220 
1.370 
1.520 
1.600 
1.870 
2.060 
2.240 
2.430 
2.646 
2.850 
3.080 
3.310 
3.650 
3.790 
4.040 
4.310 
5.720 


*iA 

^^.5 

-i 


10.4 
11.5 
12.6 
13.6 
14.6 
15.7 
16.7 
17.8 
18.8 
19.9 
20.9 
22.0 
23.0 
24.0 
25.1 
26.2 
27.2 
28.2 
29.3 
80.3 
31.4 
36.6 


It 


.474 
.561 
.650 
.757 
.864 
.978 
1.098 
1.220 
1.850 
1.490 
1.640 
1.790 
1.950 
3.110 
8.270 
2.460 
8.650 
2.840 
8.030 
8.240 
3.450 
4.670 


51 


16.3 
18.0 
19.6 
21.3 
22.9 
24.6 
26.8 
27.8 

29.4  I  1.131 
31.0     1.250 

32.7  I  1.370 

84.3  I  1.490 

36.0  ,  1.620 
37.6  1.760 
39.2  1.900 
40.9     2.060 

42.5  2.210 
44.2     2.370 

45.8  I  2.530 

47.4  I  2.700 

49.1  I  2.870 

67.2  3.810 


Inside  Diameter 

OF  Pipe.    Inches. 

^ 

T 

i 

9 

10  . 

11 

13 

^ 

^ 

^•i 

■a 

*i 

■J 

".a 
Si 

^  a 

6l 

K 

n 

-5 

^5 
5& 

2.0 

.338 

32.0 

.296 

41.9 

.264 

63.0 

.237 

65.4 

.216 

79.2 

.196 

194.3 

2.2 

.401 

86.S 

.351 

46.1 

.312 

68.3 

.281 

72.0 

.256 

87.1 

.234 

103.0 

2.4 

.468 

38.6 

.410 

50.2 

.365 

63.6 

.327 

78.5 

.297 

95.0 

.873 

113.0 

2.6 

.540 

41.7 

.473 

54.4 

.420 

68.9 

.378 

85.1 

.344 

108.0 

.315 

122.0 

2.8 

.617 

44.9 

.640 

68.6 

.480 

74.2 

.432 

91.6 

.892 

111.0 

.860 

132.0 

8.0 

.688 

48.1 

.611 

62.8 

.644 

79.5 

.488 

98.2 

444 

119.0 

.407 

141.0 

3.2 

.785 

61.3 

.686 

67.0 

.609 

84.8 

.549 

105.0 

.499 

127.0 

.457 

151.0 

3.4 

.875 

64.5 

.765 

71.3 

.680 

90.1 

.613 

111.0 

.657 

134.0 

.610 

160.0 

3.6 

.969 

67.7 

.848 

7«w4 

.755 

96.4 

.679 

118.0 

.617 

142.0 

.666 

169.0 

3.8 

1.070 

60.9 

.986 

79.6 

.831 

101.0 

.749 

124.0 

.680 

150.0 

.624 

179.0 

4.0 

1.175 

64.1 

1.027 

88.7 

.913 

106.0 

.882 

131.0 

.747 

158.0 

.685 

188.0 

4.2 

1.280 

67.3 

1.122 

87.9 

.988 

111.0 

.887 

137.0 

.816 

166.0 

.749 

198.0 

4.4 

1.890 

70.6 

1.220 

98.1 

1.086 

116.0 

.977 

144.0 

.888 

174.0 

.815 

207.0 

4.6 

1.510 

73.7 

1.320 

96.8 

1.177 

122.0 

1.059 

150.0 

.963 

182.0 

.883 

217.0 

4.8 

1.630 

76.9 

1.430 

100.0 

1.270 

127.0 

1.145 

157.0 

1.040 

190.0 

.954 

226.0 

6.0 

1.760 

80.2 

1.540 

105.0 

1.370 

132.0 

1.280 

163.0 

1.122 

198.0 

1.028 

235.0 

5.3 

1.890 

83.3 

1.650 

109.0 

1.470 

138.0 

1.820 

170.0 

1.200 

206.0 

1.104 

245.0 

6.4 

2.030 

86.6 

1.770 

113.0 

1.570 

143.0 

1.410 

177.0 

1.280 

214.0 

1.183 

254.0 

5.6 

2.170 

89.8 

1.880 

117.0 

1.680 

148.0 

1.510 

183.0 

1.370 

222.0 

1.260 

264.0 

5.8 

2.310 

98.0 

2.010 

121.0 

1.800 

154.0 

1.610 

190.0 

1.460 

229.0 

1.340 

273.0 

6.0 

8.460 

96.3 

2.150 

125.0 

1.920 

159.0 

1.710 

196.0 

1.560 

237.0 

1.430  ;  283.0 

7.0 

3.360 

112.0 

2.850 

146.0 

2.620 

185.0 

2.280 

229.0 

2.070 

277.0 

1.910    330.0 

Example.— Have  200  ft.  head  and  600  ft.  of  11''  pipe,  carrying  119  cu.  ft.  of 
water  per  minnte.  To  find  effective  head:  In  right-nand  column,  under  11'' 
pipe,  find  119  cu.  ft.  Opposite  this  will  be  found  the  coefficient  of  ftlotion  for 
this  amount  of  water,  which  is  .444.  Multiply  this  by  the  number  of  hun- 
dred feet  of  pipe,  which  is  6,  and  you  will  have  2.66  ft.,  which  is  the  loss  of 
head.    Therefore,  the  effective  head  is  200  —  2.66  =  197.34. 
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LOSS  OF  HEAD  IN   PIPE  BY  FRICTION 

In  each  100  ft.  in  length  of  difTerent  diameters,  when  discharging^  the  folloir- 
ing  quantities  of  water  per  minute,  as  given  by  Pelton  Water  Wlieel  Cto. 

Inside  Diameteb  op  Pipe.    Inches. 


IS 

14 

.5 

16 

18 

20 

!?! 

»i 

*; 

si 

*s 

n 

^5 

Si 

Si 

=•5 

Si 

5| 

Jl 

pa 

el 

Si 

1 

2.0 

.183 

110 

.169 

128 

.168 

147 

.147 

167 

.132 

212 

.119 

262 

i.i 

.216 

121 

.200 

141 

.187 

162 

.175 

184 

.156 

233 

.140 

388 

2.4 

.252 

133 

.234 

154 

.218 

176 

.205 

201 

.182 

254 

.164 

314 

2.e 

.290 

144 

.270 

167 

.252 

191 

.256 

218 

.210 

275 

.189 

340 

2.8 

..'J82 

156 

.306 

179 

.288 

206 

.270 

234 

.240 

297 

.216 

366 

S.O 

.375 

166 

.349 

192 

.825 

221 

.306 

251 

.271 

Jil» 

.246 

393 

3.2 

.422 

177 

.392 

205 

.366 

235 

.343 

268 

.305 

339 

.275 

419 

3.4 

.471 

188 

.4.% 

218 

.408 

250 

.388 

284 

.339 

360 

.306 

445 

3.6 

.522 

199 

.485 

231 

.452 

265 

.425 

301 

.877 

882 

..«»» 

471 

3.8 

.576 

210 

.535 

243 

.499 

280 

.468 

318 

.416 

403 

.374 

497 

4.0 

.632 

221 

.587 

256 

.548 

294 

.513 

335 

.456 

424 

.410 

523 

4.2 

.691 

232 

.641 

260 

.508 

300 

.561 

352 

.499 

445 

.449 

550 

4.4 

.751 

243 

.698 

282 

.651 

324 

.611 

368 

.542 

466 

.488 

576 

4.6 

.815 

254 

.757 

295 

.707 

3S9 

.662 

385 

.58S 

488 

J>29 

602 

4.8 

.881 

265 

.818 

308 

.763 

363 

.715 

402 

.636 

509 

.572 

628 

S.O 

.949 

276 

.881 

321 

.822 

368 

.770 

419 

.685 

580 

.617 

654 

5.2 

1.020 

287 

.947 

333 

.888 

383 

.828 

435 

.786 

551 

.662 

680 

5.4 

1.092 

298 

1.014 

346 

.947 

897 

.888 

452 

.788 

572 

.710 

707 

5.6 

1.167 

309 

1.083 

359 

1.011 

412 

.949 

469 

.843 

694 

.758 

733 

5.8 

1.246 

821 

1.155 

372 

1.078 

427 

1.011 

486 

.899 

615 

.809 

759 

6.0 

1.325 

332 

1.229 

385 

1.148 

442 

1.076 

502 

.957 

636 

.861 

785 

7.0 

1.750 

387 

1.680 

449 

1.52C 

515 

1.430 

586 

1.270 

742 

1.143 

916 

Inside  Diameteb  of  Pipe.    Inches. 


22 

24 

^6 

28 

30 

36 

--1 

. 

;f^ 

«• 

*i 

^ 

u 

■s'- 

^1 

*i  a 

*ia 

n    . 

fag 

^& 

h 

5k 

Los 
Head 

n 

J| 

5i 

311 

m 

61 

n 

Si 

2.0 

.108 

316 

.098 

377 

.091 

442 

.084 

513 

.079 

589 

.066 

848 

2.2 

.127 

348 

.116 

414 

.108 

486 

.099 

564 

.093 

648 

.078 

933 

.149 

380 

.136 

452 

.126 

531 

.116 

616 

.109 

707 

.091 

1,018 

.171 

412 

.157 

490 

.145 

575 

.134 

667 

.126 

766 

.104 

1.100 

.195 

443 

.180 

528 

.165 

619 

.153 

718 

.144 

824 

.119 

1,188 

.222 

475 

.204 

565 

.188 

663 

.174 

770 

.163 

883 

.135 

1.273 

.249 

507 

.229 

603 

.211 

708 

.196 

821 

,182 

942 

.152 

1,357 

.278 

538 

.2.'>5 

641 

.235 

752 

.218 

872 

.204 

1,001 

.169 

1.442 

.308 

570 

.283 

678 

.261 

796 

.242 

923 

.226 

1,060 

.188 

1,627 

.340 

601 

.312 

716 

.288 

840 

.267 

974 

.249 

1,119 

.207 

1,612 

.373 

633 

.342 

754 

.315 

885 

.293 

1,026 

.273 

1.178 

.228 

1.697 

.408 

665 

.374 

791 

.846 

929 

.320 

1,077 

.299 

1,237 

.249 

1,782 

.444 

697 

.407 

829 

.375 

973 

.348 

1,129 

.325 

1.296 

.271 

1,866 

.482 

728 

.441 

867 

.407 

1,017 

.378 

1.180 

.S-W 

1,!»55 

.294 

1,951 

.521 

760 

.476 

905 

.440 

1,062 

.409 

1,231 

.881 

1,414 

.318 

2.036 

.561 

792 

.613 

942 

.474 

1.106 

.440 

1,283 

.411 

1,472 

.342 

2,121 

.602 

823 

.552 

980 

.510 

1.150 

.47? 

1,334 

.441 

1,531 

.368 

2,206 

.645 

855 

.591 

1,018 

.546 

1,194 

.507 

1,385 

.478 

1.590 

.394 

2,291 

.690 

887 

.632 

1,055 

.583 

1,239 

.542 

1,487 

.606 

1,649 

.421 

2,376 

5,8 

.785  ■ 

918 

.674 

1,093 

.622 

1,283 

.578 

1.488 

.640 

1.708 

.460 

2,460 

6.0 

.782 

950 

.717 

1,131 

.662 

1,327 

.615 

1.539 

.574 

1,767 

.479 

2,546 

7.0 

1.040 

1,109 

.      .953 

1,319 

.879 

1,548 

.817 

1,796 

.762 

2,061 

.636 

2,968 

'Got 
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L    The   following   formula,   deduced  by  William  Cox,    gives  practically 
Vie  same  results  as  the  foregoing  table  and  will  be  found  useful  in  many 

^stances:  F  =     vamxiM^^  +  SF—  2),  where  F  =  friction  head;  L  =  length 

of  pipe  in  feet;  D  =  diameter  of  pipe  in  inches;  V  -=  velocity  in  feet  per 
second. 

Friction  of  Knees  end  Bends.— This  subject  has  not  been  investigated  suffi- 
ciently to  enable  the  engineer  to  make  exact  allowance  for  this  factor,  but 
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the  following  formulas  may  be  taken  as  giving  close  approximate  results. 
It  is  well  to  bear  in  mind  that  right  angles  should  be  avoided  whenever 
possible,  and  that  bends  should  be  made  with  as  large  a  radius  as  circum- 
stances will  allow. 

A  =  angle  of  bend  or  knee  with  forward  line 
/\  .'**,  of  direction; 

yf^  ,''^^y  F  =  velocity  of  water  in  feet  per  second; 

/'yl,^^^    ^;C^ — ^^  i?  =  radius  of  center  line  of  bend; 

/x    ^^^   0*0 — ^'^i^  r  =  radius  of  bore  of  pipe  (or  i  diameter); 

V"  fTftef  dtndfH^  j^  ^  Coefficient  for  angles  of  knees; 

.  /fci  A  ^  "^  coefficient  for  curvature  of  bends; 

(«/  (o/.  j£  ^  jjgj^^j  of  water  in  feet  necessary  to  ovcr- 

FiG.  17.  come  the  friction  of  the  bends,  or  knees. 

H  =  .0155  V'^K. 
The  value  of  A"  is  as  follows  for  different  angles: 


K  = 


20° 
.046 


For  bends, 


40° 
.139 


CiP 
MA 


80° 
.74 


90° 
.98 


100°. 
1.26 


H  =  .0155  F2 


\  180^7*     )igitized  by  Google 


120° 

1.86 
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Values  of  L  with  various  ratios  of  the  radius  of  bend  to  radius  of  bore: 


When                     1  = 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

1.0 

In  circular  section  L 
In  rectangular       L 

.131 
.124 

.138 
.135 

.158 
.18 

.206 
.25 

.294 
.4 

.44 
.64 

.66 
1.01 

.98 
1.55 

1.4 
2.3 

2.0 
3.2 

RESERVOIRS. 

Reservoir  Site.— In  selecting  a  site  for  a  reservoir,  the  following  iwints 
should  be  observed: 

1.  A  proper  elevation  above  the  point  at  which  the  water  is  required. 

2.  The  total  supply  available,  Including  observations  as  to  the  rainfall 
and  snowfall. 

8.  The  formation  and  character  of  the  ground,  with  reference  to  the 
amount  of  absorption  and  evaporation. 

The  most  desirable  formation  of  ground  for  a  reservoir  site  is  one  of  com- 
pact rock,  like  granite,  gneiss,  or  slate:  porous  rocks,  like  sandstones  and. 
limestones,  are  not  so  desirable.  Steep  bare  slopes  are  best  for  the  country 
surrounding  a  reservoir,  as  the  water  escapes  from  them  quickly.  The 
presence  of  vegetation  above  the  reservoir  causes  a  considerable  amount  of 
absorption:  but,  at  the  same  time,  the  rainfall  is  usually  greater  In  a  region 
covered  with  vegetation  than  in  a  barren  region,  hence  the  streams  have  a 
more  uniform  now.  A  reservoir  must  be  made  large  enough  to  hold  a 
supply  capable  of  meeting  the  maximum  demand.  The  area  of  a  reservoir 
should  be  determined,  and  a  table  made  showing  its  contents  for  every  foot 
In  depth,  so  that  the  amount  of  water  available  can  always  be  known. 


DAMS. 


Dams  are  used  for  retaining  water  in  reservoirs,  for  diverting  streams  in 
placer  mining,  and  for  storing  debris  coining  from  placer  mines  in  cafions 
or  ravines. 

Foundationt  for  dams  must  be  solid  to  prevent  settling,  and  water-tight  to 
prevent  leakage  under  the  base  of  the  dam.  Whenever  possible,  the  founda- 
tion should  be  solid  rock.  Gravel  is  better  than  earth,  but  when  gravel  is 
employed  it  will  be  necessary  to  drive  sheet  piling  under  the  upper  toe  of 
the  dam,  to  prevent  water  from  seeping  through  the  formation  under  the 
dam.  Vegetable  soil  should-  be  avoided,  and  all  porous  material,  such  as 
sand,  gravel,  etc.  should  be  stripped  off  until  hard  pan  or  solid  rock  is 
reaches.  In  case  springs  occur  in  the  area  covered  by  the  foundation  of  the 
dam,  it  will  be  necessary  to  trace  them  up,  and  if  they  originate  on  the 
upper  side  to  confine  their  flow  to  that  side  of  the  dam,  so  that  they  will 
have  no  tendency  to  ultimately  become  passageways  for  water  from  the 
upper  face  to  the  lower  face  of  the  dam,  thus  providing  holes,  which  may 
Ultimately  destroy  the  entire  foundation  of  the  structure. 

Wooden  Dams. — Wooden  dams  are  constructed  of  round,  sawed,  or  hewn 
logs.  The  timbers  are  usually  at  least  1  ft.  square,  or,  if  round,  from  18  to 
24  in.  in  diameter.  A  series  of  cribs  from  8  to  10  ft.  square  are  constructed  bv 
building  up  the  lo^  log-house  fashion  and  securing  them  together  with 
treenails.  The  individual  cribs  are  secured  to  one  another  with  treenails 
or  by  means  of  bolts.  The  cribs  are  usually  filled  with  loose  rock  to  keep 
them  in  place,  and  in  many  cases  are  secured  to  the  foundation  by  means 
of  bolts.  A  layer  of  planking  on  the  upper  face  of  the  dam  makes  It  water- 
tight, and  if  the  spillway  is  over  the  crest  of  the  dam  it  will  be  necessary  to 
plank  the  top  of  tne  cribs,  and,  in  most  cases,  to  provide  an  apron  for  the 
water  to  fall  on.  The  apron  may  be  set  on  small  cribs,  or  on  timbers  pro- 
jecting from  the  cribs  of  the  dam  itself 

Abutments  and  Discharge  Gates.— Abutments  are  structures  at  the  ends  of  a 
dam.  They  may  be  constructed  from  timber,  masonry,  or  dry  stonework. 
If  possible,  abutments  should  have  a  curved  outline,  and  should  be  so 
placed  that  there  is  no  possibility  of  the  water  overflowing  them,  or  getting 
behind  them  during  floods.    If  the  regular  discharge  from  a  dam  takes  place 

m  the  main  face,  the  gates  may  be  arranged  in  connection  with  one  of 
abutments,  or  by  means  of  a  tunnel  and  culvert  through  the  dam.    In 
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Either  case,  Bome  structure  should  be  constructed  above  the  outlet  so  as  to 
fM^vent  driftwood,  brush,  and  other  material  from  stopping  the  discharge 
gSLtes.  When  the  discharge  gates  are  placed  at  one  side  of  the  dam,  they  are 
asu&lly  arranged  outside  of  the  r^ular  abutment,  between  it  and  another 
special  al>utment,  the  discharge  being  through  a  series  of  gates  into  a  flume, 
oitcli,  or  pipe. 

Spillways  or  Watte  Ways.— These  are  openings  provided  in  a  dam  for  the 
discharsr^  of  water  during  floods  or  freshets,  or  for  the  discharge  of  a  portion 
not  being  used  at  any  time.  The  spillway  may  be  over  the  crest  of  the  dam, 
or,  ^vliere  the  topography  favors  such  a  construction,  the  main  dam  may  be 
of  sufficient  height  to  prevent  water  from,  ever  pe^ng  its  crest,  the  spillway 
being  arranged  at  another  outlet  over  the  lower  dam.  Waste  ways,  proper, 
are  opening  through  the  dam,  and  are  intended  for  the  discharge  of  the 
large  Quantities  of  water  that  come  down  during  iVeshets  or  floods.  In  the 
case  of  timber  dams,  the  waste  ways  are  usually  surrounded  by  heavy  cribs, 
and.  liave  an  area  of  fh>m  40  to  50  sq.  ft.  each.  There  are  two  general 
forms  of  construction  employed  for  waste  ways.  One  consists  of  a  compara- 
tively narrow  oi>ening  in  the  dam,  extending  to  a  considerable  depth  (8  or 


Fig.  18. 

10  ft.).  Water  is  allowed  to  discharge  through  this  during  flood  time,  but 
when  it  is  desired  to  stop,  the  flow  planks  are  placed  across  the  up-stream 
face  of  the  opening  in  such  a  manner  as  to  close  it.  The  opening,  which  is 
usually  not  over  3  or  4  ft.  wide,  is  provided  with  guides  on  tne  upper  face  of 
the  dam,  and  between  which  the  planks  are  slid  down,  the  individual  pieces 
of  planking  being  at  least  1  ft.  longer  than  the  opening  that  they  are  to 
cover.  The  other  device  frequently  used  consists  in  providing  the  waste 
way,  at  one  side  of  the  regular  spillway,  with  a  crest  2  or  3  ft.  lower  than  the 
regular  spillwav.  The  crest  of  tnis  waste  way  is  composed  of  heavy  timber, 
and  4  or  5  ft.  above  there  is  arranged  a  parallel  timber,  the  space  between 
the  two  being  closed  by  what  are  called  nash  boards.  These  are  made  from 
pieces  of  2"  or  3"  plank,  6  or  8  in.  wide.  The  i)lanks  are  placed  against  both 
timbers  so  as  to  close  the  space.  The  individual  planks  are  made  long 
enough  so  that  they  extend  from  1  to  2  ft.  above  the  upper  timber,  ana 
through  the  upper  end  of  each  plank  is  bored  a  hole  through  which  a  piece 
of  rope  is  passed  and  a  knot  tied  in  the  end  of  the  rope.  These  ropes  are 
secured  by  staples  to  the  upper  timber.  When  it  becomes  necessary  to.  open 
the  waste  way,  men  go  under  with  peevies,  cant  hooks,  or  pinch  bars,  and 
pry  up  the  planks  in  such  a  way  as  to  draw  the  longer  end  out  of  contact 
with  the  lower  timber,  when  the  force  of  the  water  will  immediately  carry 
the  plank  down  the  stream  as  far  as  the  rope  will  allow  it  to  go.  After  the 
first  plank  has  been  loosened,  the  succeeding  ones  can  be  pulled  up  with 
comparative  ease,  and  two  men  can  open  a  25'  or  30'  section  of  waste  way  in 
a  very  few  minutes.  The  ropes  keep  the  plank  from  being  lost,  and  the 
opening  can  be  closed  again  by  passing  the  plank  down  into  the  water  to 
one  side  of  the  opening  and  moving  them  into  the  current.  Some  skill  is 
required,  both  in  opening  and  closing  the  waste  ways. 

Stone  Dams. — Where  cenient  or  lime  is  expensive,  and  suitable  rubble 
stone  can  be  obtained,  dams  are  frequently  constructed  without  the  use  of 
mortar.  The  upper  and  lower  faces  of  the  dam  should  be  of  hammer- 
dressed  stone,  carefully  bonded,  and  the  stones  in  the  lower  face  of  the  dam 
are  sometimes  anchored  by  means  of  bolts.  The  dam  can  be  made  water- 
tight by  means  of  a  skin  of  planking  on  the  upper  face.  In  case  water 
should  ever  pass  over  the  crest  of  such  a  dam,  much  of  it  would  settle 
through  the  oi)enings  in  the  stone  into  the  interior  of  the  dam,  and  this 
would  subject  the  stones  in  the  lower  ix)rtion  of  the  face  to  a  hydrostatic 
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pressure,  provided  an  opening  w^as  not  made  for  the  escape  of  sucb  waters 
For  this  reason,  culverts  or  openings  should  be  made  througrh  the  loMrei 
portion  of  the  dam,  to  discharge  any  such  water.  When  such  dams  as  tlii^ 
are  constructed,  the  regular  spillway  is  not  placed  over  the  face  of  the  d£txu^ 
but  at  some  other  point,  and  usually  over  a  timber  dam. 

Earth  Dams.— Earth  dams  are  used  for  reservoirs  of  moderate  heigrl^t. 
They  should  be  at  least  10  ft.  wide  on  top,  and  a  height  of  more  than  60  ft.  is 
unusual.    When  the  material  of  which  the  dam  is  composed  Is  not  water- 
tight, as,  for  instance,  gravel,  sand,  etc.,  it  is  sometimes  necessary  to  con- 
struct a  puddle  wall  of  clay  in  the  center  of  the  regular  dam.    This  consists 
of  a  narrow  dam  of  clay  mixed  with  a  certain  proportion  of  sand.    The 
puddle  wall  should  not  be  less  than  from  6  to  8  ft.  thick  at  the  top  of  the 
dam,  and  should  be  given  a  slight  batter  on  each  side.    It  is  constructed 
during  the  building  of  the  dam,  and  should  be  protected  from  contact  with 
the  water  by  a  considerable  thickness  of  earth  on  the  upper  face.    The 
upper  face  of  an  earthen  dam  is  frequently  protected  by  means  of  plank  or 
a  pavement  of  stone.    The  lower  face  is  frequently  protected  by  means  of 
sod,  or  sod  and  willow  trees.    Sometimes  earth  dams  are  provided  with  a 
masonry  core  in  place  of  the  puddle  wall,  to  render  them  water-tigrht.    This 
consists  of  a  masonry  wall  carried  to  an  impervious  stratum,  and  up  through 
the  center  of  the  dam.    The  masonry  core  should  never  be  less  than  2  or  3  It. 
thick  at  the  top,  and  should  be  given  a  batter  of  at  least  10^  on  each  side. 
At  the  regular  water  level,  earthen  dams  are  liable  to  have  a  small  bench 
or  shelf  formed,  and  on  this  account,  during  the  construction,  such  a  bench 
or  shelf  is  sometimes  built  into  the  earth  dam.    Fig.  18  shows  a  dam  with  a 
masonry  core,  with  the  upper  face  covered  with  rubble  and  the  lower  face 
covered  with  grass. 

Debris  Oama.— These  are  dams  or  obstructions  placed  across  the  bed  of 
streams  to  hold  back  tailings  from  mines,  and  to  prevent  damage  to  the 
valleys  below.  They  are  made  of  stone,  timber,  or  brush.  No  attempt  is 
made  to  render  the  d6bris  dam  water-tight,  the  only  object  Xteius  that  it 
should  retard  the  flow  of  the  stream  and  give  it  a  greater  breadth  of  dis- 
charge, so  that  the  water  naturally  drops  and  deposits  the  sediment  that 
it  is  carrying.  The  sediment  soon  silts  or  fills  up  against  the  face  of  the 
dam,  the  area  above  the  dam  becoming  a  flat  expanse  or  plain  over  w^hich 
the  water  finds  its  way  to  the  dam.  when  these  dams  are  constructed  of 
stone,  the  individual  stones  on  the  lower  face  and  crest  of  the  dam  should 
be  so  large  that  the  current  will  be  unable  to  displace  them,  while  the  upi)er 
face  and  core  of  the  dam  may  be  composed  of  finer  material.  In  case  a 
breach  should  occur  in  the  ddbris  dam,  It  will  not  necessarily  endanger  the 
region  farther  down  the  stream,  as  is  the  case  when  a  break  occurs  in  a 
water  dam.  The  reason  for  this  is  that  the  debris  dam  is  not  made  water- 
tight, and  hence  there  is  never  much  pressure  against  it,  or  a  large  volume 
of  water  held  back  that  can  rush  suddenly  down  the  stream  should  a  break 
occur.  The  only  result  of  the  break  would  be  that  more  or  less  of  the  gravel 
behind  the  dam  would  be  washed  through  the  breach. 

Wing  Dams.— Wing  dams  are  used  for  turning  Htreams  fh)m  their  courses, 
so  as  to  expose  all  or  a  portion  of  the  bed  for  placer  mining  or  other  pur- 
poses. They  are  usually  of  a  temporary  nature,  and  are  constructed  of 
orush  and  stones,  light  cribs  filled  with  stones,  and  of  large  stones,  or  timber. 
Sometimes  the  course  of  a  stream  is  turned  by  an  obstruction  made  of  sand 
bags,  and  a  wing  dam  constructed  behind  this  of  frames  of  timber,  the  inter- 
vening space  being  filled  with  gravel  or  earth,  and,  in  some  cases,  the  timber 
being  covered  with  stone,  and  the  surface  riprapped  so  that  if  the  flow  ever 
comes  over  the  top  of  the  structure  it  will  not  destroy  it. 

Masonry  Dams.— When  high  masonry  dams  are  to  be  employed  they  should 
be  designed  by  a  competent  hydraulic  engineer.  Masonry  dams  are  not,  as 
a  rule,  used  for  hydraulic  mining,  owing  to  the  fact  that  the  length  of  time 
during  which  the  dam  is  required  rarely  warrants  the  expense  of  the  con- 
struction of  a  masonry  dam. 


WATER-POWER. 


The  Theoretical  Effioiency  of  the  Water -Power.— The  gross  power  of  a  fall  of 
water  is  the  product  of  the  weight  of  water  discharged  in  a  unit  of  time,  and 
the  total  head  or  difference  in  elevation  of  the  surface  of  the  water,  above 
and  below  the  fall.    The  term  head,  used  in  connection  with  waterwheels, 
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fethe  difTerence  iu  height  between  the  surface  of  water  in  the  penstock  and 
at  in  tlie  tailrace,  when  the  wheel  is  running. 
if  Q      =  cubic  feet  of  water  discharged  per  minute, 

W      =  weight  of  a  cubic  foot  of  water  =  62.5  lb., 
and  U      =  total  head  in  feet, 

then  WQJI  =  gross  power  in  foot-pounds  per  minute, 

and  ssooo  ""  *^® horsepower. 

Substituting  the  value  for  W,  we  have 

^^^0^  ^  '^^^  Q  H,  as  the  horsepower  of  a  faM. 

The  total  power  can  never  be  utilized  by  any  form  of  motor,  owing  to  the 
fact  tliat  there  is  a  loss  of  head,  both  at  the  entrance  to,  and  exit  from,  the 
wheel,  and  there  are  also  losses  of  energy,  due  to  fWction  of  the  water  in 
passing  through  the  wheel.  The  ratio  of  the  power  developed  by  the  wheel 
to  tbe  gross  power  of  the  fall,  is  the  efBciency  of  the  wheel.  A  head  of  water 
can  be  made  use  of  in  any  one  of  the  following  ways: 

1.  By  Its  weight,  as  in  the  water  balan<*e,  or  overshot  wheel. 

2.  By  its  pressure,  as  in  the  hydraulic  engine,  hydraulic  presses,  cranes, 
etc.,  or  in  a  turbine  water  wheel. 

3.  By  its  impulse,  as  in  the  undershot  and  impulse  wheels,  such  as 
Peltons,  etc. 

4.  By  a  combination  of  the  above. 

The  Horsepower  of  •  Running  Stream.— The  gross  horsepower,  as  seen  above,  is 

in  -which  Q  Is  the  quantity  in  cubic  feet  per  minute  actually  impinging  on 
the  float  or  bucket,  and  If  the  theoretical  head  added  to  the  velocity  ol  the 
stream,  or 

IT  -  i?.  -  J*_ 
^  ~  2g~  64.4' 
in  -which  v  is  the  velocity  in  feet  per  second. 

For  example,  if  the  floats  of  an  undershot  waterwheel  were  2  ft.  X 10  ft. ,  and 
the  stream  had  a  velocity  of  3  ft.  per  second,  i.  e.,  v  =  3,  we  would  have 

^  =  ^  =  .139,  andQ  =  2X10X8X60  =  3,600  cu.  ft.  per  min. 

From  this,  H.  P.  =  3,600  X  .139  X  .00189  =  .945  H.  P.,  or  a  gross  horse- 
power for  practically  .06  sq.  ft.  of  wheel  surface;  but,  under  ordinary  circum- 
stances, it  would  be  impossible  to  attain  more  than  40^  of  this,  or  practically 
.02  horsepower  per  sq.  ft.  of  surface,  which  would  require  50  sq.  ft.  of  float 
surface  to  each  horsepower  furnished. 

Current  Motori.— A  current  motor  ftilly  utilizes  the  energy  of  a  stream 
only  when  it  Is  so  arranged  that  it  can  take  all  of  the  velocity  out  of 
the  water;  that  is,  when  the  water  leaves  the  floats  or  vanes  with  no 
velocity.  It  is  evident  that  in  practice  we  can  never  even  obtain  a  close 
approximation  to  these  results,  and  hence  only  a  small  fraction  of  the 
energy  of  a  running  stream  can  be  utilized  by  the  current  motor.  Current 
motors  are  frequently  used  to  obtain  small  amounts  of  power  from  a  large 
stream,  as,  for  Instance,  for  pumping  a  limited  amount  of  water  for  irrigation. 
For  this  work,  an  ordinary  undershot  wheel  having  radial  paddles  is  usually 
employed.  At  one  end  of  the  wheel  a  series  of  small  buckets  are  placed,  and 
80  arranged  that  each  bucket  will  dip  up  water  at  the  bottom  or  the  wheel 
and  discharge  it  into  the  launder,  near  the  top  of  the  wheel.  The  shape  of 
the  buckets  should  be  such  that  only  the  amount  of  water  which  the  bucket 
is  capable  of  carrying  to  the  launder  will  be  dipped  up,  for,  if  the  bucket 
is  constantly  slopping  or  pouring  water  as  it  ascends,  a  large  amount 
of  useless  work  is  performed  in  raising  this  extra  water  and  then  pouring  it 
out  again,  as  only  the  portion  that  reaches  the  launder  can  be  of  any  service. 
Current  motors  are  not  practicable  for  ftimishing  large  amounts  of  power. 


UTILIZING  THE   POWER  OF  A  WATERFALL. 

The  power  of  a  waterfall  may  be  utilized  by  a  number  of  different  styles 
of  motors,  but  each  has  certain  advantages. 

Breast  and  Undershot  Wheels.— When  the  head  is  low  (not  over  5  or  6  ft.), 
breast  or  undershot  wheels  are  frequently  employed.    If  these  are  properly 
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proportioned,  it  is  possible  to  realize  frota  50j(  to  70^  of  the  theoretical  iwwer 
of  the  fall,  but  the  wheels  are  large  and  cumbersome  compared  with  the  duty 
thev  perform,  and  not  often  installed  at  present,  especially  near  manofac' 
tunng  centers. 

Overthot  Wheals.— For  falls  up  to  40  or  50  ft.,  overshot  wheels  are  very 
commonly  employed,  and  they  have  been  used  for  even  e:reater  heads  than 
this.  The  overshot  wheel  derives  its  power  both  from  the  impulse  of  the 
water  entering  the  buckets,  and  from,  the  weight  of  the  water  as  it  descends 
on  one  side  of  the  wheel  in  the  buckets.  The  latter  factor  is  by  far  the  more 
important  of  the  two.  When  properly  proportioned,  overshot  wheels  may 
realize  from  TOjt  to  905(  of  the  power  of  the  waterfall,  but  they  «u:e  large  and 
cumbersome  compared  with  the  power  that  they  give,  and  are  not  often 
installed  except  in  isolated  regions,  where  they  are  made  from  timber  by 
local  mechanics. 

Impulse  Wheels.— For  heads  varying  from  50  ft.  up,  impulse  wheels  are 
very  largely  used.  These  are  also  sometimes  called  hurdy  gurdies,  and  are 
usually  of  the  Pelton  type,  consisting  of  a  wheel  provided  with  buckets,  so 
arranged  about  its  pcribnery  that  they  receive  an  impinging  jet  of  water  and 
turn  it  back  upon  itseli,  discharging  it  with  practicaUy  no  velocity,  and  con- 
verting practically  all  the  energy  into  useful  work.  The  efftciencv  of  these 
wheels  varies  trova.  85^  to  90^  under  favorable  circumstances.  This  style  of 
wheel  is  especially  adapted  for  very  high  heads  and  comparatively  small 
amounts  or  water.  There  are  a  number  of  instances  where  wheels  are 
operating  under  a  head  of  as  much  as  2,000  ft.  This  style  of  impulse  wheel 
is  an  American  development;  in  Europe,  a  style  of  impulse  turbine  has  been 
used  to  some  extent,  but  has  not  found  very  much  favor  in  the  United  States. 

Tarbines.— Turbines  or  reaction  wheels  are  very  largely  employed,  espe- 
cially for  moderate  heads.  When  properly  designed  to  fit  the  working 
conditions,  they  can  be  used  for  heads  varying  from  4  or  5  ft.  up  to  consider- 
ably over  100  ft.,  and  when  properly  placed  are  capable  of  utilizing  the 
entire  head,  a  factor  that  gives  them  a  decided  advantage  over  any  other 
style  of  waterwheel.  Turbines  are  capable  of  returning  SSjf  to  90jt  of  the 
theoretical  energy  as  useful  power,  and  are  largely  used,  especially  where  a 
considerable  volume  of  water  at  a  low  head,  or  a  Bmaller  yolume  at  a 
moderate  head,  can  be  obtained. 
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Pumps  are  employed  for  unwatering  mines,  handling  water  at  placer 
mines,  irrigation,  water-supply  systems,  boiler  feeds,  etc. 

For  unwatering  mines,  two  general  systems  of  pumping  are  employed. 
(l)  The  pump  is  placed  in  the  mine  and  is  operated  by  a  motor  on  the  sur- 
race,  the  power  being  transmitted  through  a  line  of  moving  rods.  (2)  Both 
the  motor  and  pump  are  placed  in  the  mine,  the  motor  oeing  an  engine 
driven  by  steam,  compressed  air,  hydraulic  motor,  or  an  electric  motor. 

Cornish  Pumps.— Any  method  of  operating  pumps  by  rods  is  commonly 
called  a  Cornish  system.  Formerly,  the  motor  in  the  Cornish  system  con- 
sisted of  a  steam  engine  placed  over  the  shaft  head,  which  operated  the 
pump  by  a  direct  line  of  rods.  With  this  arrangement,  there  is  great  danger 
of  accident  to  the  engine  from  the  settling  of  the  ground  around  the  shaft, 
or  from  fire  in  the  shaft;  also,  the  position  of  the.  motor  renders  access  to  the 
shaft  difficult.  To  overcome  these  objections,  the  engine  is  frequently 
placed  at  one  side  of  the  shaft,  and  the  rods  operated  by  a  bob;  this  has 
become  the  common  practice,  and  is  generally  called  the  Cornish  rig.  The 
engine  employed  in  the  most  modem  plants  is  generally  of  the  Corliss 
type,  and  is  provided  with  a  governor  to  guard  against  the  possibility  of  the 
engine  running  away,  in  case  the  rods  should  break. 

This  system  requires  no  steam  line  down  the  shaft,  and  is  independent  of 
the  depth  of  water  in  the  mine,  so  that  the  pump  is  not  stopped  by  the 
drowning  of  a  mine,  but  the  moving  rods  are  a  great  inconvenience  in  the 
shaft,  and  they  absorb  a  great  amount  of  power  by  friction. 

Simple  end  Duplex  Pumps.— In  the  simple  pump,  a  steam  cylinder  is  con- 
nected directly  to  a  water  cylinder,  and  the  ^teara  valves  are  operated  by 
tappets.  Such  a  pump  is  more  or  less  dependent  on  inertia  at  certain  points 
of  the  stroke  to  insure  the  motion  of  the  valves,  hence  will  not  start  from 
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Fig.  19. 


E7  place,  but  is  liable  to  become  stalled  at  times.  In  the  duplex  pump, 
o  Bteaxn  cylinders  and  two  water  cylinders  are  arranged  side  by  side, 
d  the  v&lves  so  placed  that  when  one  piston  is  at  mid-stroke  it  throws 
fbe  steam  valve  for  the  other  cylinder,  etc.  With  this  arrangement,  the 
jMmp  vrill  start  fix>m  any  point,  and  can  never  be  stalled  for  lack  of  steam, 
one  to  tlie  position  of  the  valves.  Ordinarily,  duplex  pumps  are  to  be  pre- 
Jsrred  for  mine  work. 

The  packing  for  the  water  piston  of  a  pump  may  be  either  inside  or  ovicide. 
Any  form  of  packing  that  is  inside  the  cylinder,  either  upon  a  moving  piston 
or  surrounding  the   ram, 
and  so    situate  that  any 
wear  Tvill  allow  communi- 
cation   loetween  the  oppo- 
site ends  of  the  cylinder, 
is    called  inside  paEicking. 
It  may  consist  simply  of 
piston  rings  about  the  pis- 
ton,   as  in  the  case  of  an 
ordinary  steam-engine  pis- 
ton Q,  Kg.  19,  or  stationary 
rings    may  be    employed 
about  the  outside  of  a  mov- 
ing ram  or  long  piston  P. 
In  either  case,  the  cylinder  heads  have  to  be  removed  before  the  condition 
of  the  packing  can  be  inspected,  and  any  leak  does  not  make  itself  visible. 
When  outside  packing  is  employed,  separate  rams  are  used  in  opposite 
enils  of  the  cylinaer,  there  being  no  internal  communication  between  the 
chambers  in  which  the  rams  work.    The  rams  are  packed  by  ordinary 
outside  stufl^gboxes  and  glands.    The  arrangement  consists  practically  of 
two  single-acting  pumps  arranged  to  work  alternately,  so  that  one  is  forcing 
water  while  the  other  is  drawing  water.    Fig.  20  shows  a  horizontal  section 
of  a  cylinder  so  arranged,  together  with  the  yoke  rods  that  operate  the  ram 
at  the  farther  end  of  tne  cylinder. 

As  a  rule,  inside-packed  pumps  should  be  avoided  in  mines,  on  account  of 
the  fact  that  acid  or  gritty  waters  are  liable  to  cut  the  packing,  and  make  the 
pumps  leak  in  a  very  short  time.  For  dipping  work  in  single  stopes  or 
entries,  small  single  or  duplex  outside-packed  pumps  may  be  employed. 
It  is  generally  best  to  operate  such  pumps  by  compressed  air,  for  the  exhaust 
will  9ien  be  beneficial  to  the  mine  air.  If  steam  is  employed,  it  is  frequently 
necessary  to  introduce  a  trap  and  remove  entrailed  water  from  the  steam 
before  it  enters  the  pump,  and  to  dispose  of  the  exhaust  by  piping  it  out  or 
condensing  it.  Such  isolated  steam  pumps  are  about  the  most  wasteful  form 
of  steam-driven  motor  in  existence. 

For  sinking,  center-packed  single  or  duplex  pumps  are  usually  employed, 
the  duplex  style  being  the  better.  For  station  work,  where  much  water  Is  to 
be  handled,  large  compound,  or  triple-expansion,  condensing,  duplex  pump- 
ing engines  are  employed.  They  may,  or  may  not,  be  provided  with  cranks 
and  a  flywheel.  Engineers  differ  greatly  upon  this  point,  and,  as  a  rule,  for 
very  high  lifts  and  great  pressures,  the  flywheel  is  employed. 

The  main  points  In  consideration  are  the  first  cost  of  the  pump,  and  the 
amount  that  will  be  saved  by  using  the  more  expensive  engine.  The  large 
flywheel  pumping  engines  are  several  times  as  expensive  as  the  direct- 
acting  steam  pumps,  and  the  question  is  as  to  whether  their  greater  efficiency 

will  more  than  coun- 
terbalance  the  in- 
creased outlay.  Most 
engineers  favor  fly- 
wheel pumps  for 
handling  large  vol- 
umes of  water  where 
the  work  is  approxi- 


FlG.20. 


mately  constant,  and  direct-acting  pumps,  without  flywheels  or  cranks, 
for  handling  small  amounts  of  water,  or  for  very  irregular  service,  owing 
to  the  fact  that  if  the  flywheel  pump  is  driven  below  its  normal  speed  it  does 
not  govern  properly,  nor  wort  economically.  Until  recently,  water  was 
removed  from  mines  in  lifts  of  about  300  to  350  ft.,  pumps  being  placed  at 
stations  along  the  shaft. 
While  a  series  of  station  pumps  are  still  employed,  in  some  cases  they  are 
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generally  intended  to  take  care  of  water  coming  into  the  shaft,  or  irork 
at  or  near  their  level,  and  are  not  emploved  for  handling  water  in  successive  I 
stages  or  lifts.    For  handling  the  bulk  of  the  water  from  the  bottom  of  the  I 
shaft,  large  pumping  enpines  are  employed  that  frequently  force  the  water 
to  the  surface  from  depths  of  over  1,000  ft.    These  high-duty  pumpingr  plants.  \ 
when  near  the  shaft  and  operated  b^  steam  with  a  condenser,  frequently 
show  a  very  high  efficiency.    When  air  is  employed  to  operate  sucli  a  plant, 
a  much  higher  efficiency  can  be  obtained  it  the  compressed  air  is  heated 
before  using  in  the  high-pressure  cylinder,  and  durine  its  passagre  A*oin  the 
high-pressure  to  the  low-pressure  cylinder.    This  has  been  very  successfully 
accomplished  by  means  of  a  steam  reheater,  the  small  amount  of  steam 
necessary  being  conveyed  to  the  station  in  the  small  pipe,  and  entirely  con- 
densed in  the  reheater,  from  which  it  is  trapped  as  water.  ^ 

The  duty  of  steam  pumps  is  approximately  as  follows:  For  small-sized 
steam  pumps,  the  steam  consumption  is  from  130  to  200  lb.  per  horsepower 
per  hour,  when  operating  in  the  workings  of  a  mine  at  some  distance  from 
the  boiler.  For  larger  sizes  of  simple  steam  pumps,  the  consumption  runs 
from  80  to  130  lb.  of  steam  per  horsepower  x)er  hour.  Compound-condensing 
pumps,  such  as  are  commonly  used  as  station  pumps,  consume  from  40  to 
70  lb.  of  steam  per  horsepower  per  hour.  Tnple-expansion,  condensing, 
high-class  pumping  engines  consume  from  24  to  26  lb.  per  horsepower  per 
hour.  The  Cornish  pump  consumes  varied  amounts  of  steam  in  proportion 
to  the  water  delivered,  depending  largely  on  the  friction  of  the  grearing. 
bobs,  rods,  etc.,  but  its  efficiency  is  usually  considerably  below  the  best  class 
of  pumping  engines. 

Speed  of  Water  Through  Valves,  Pipes,  and  Pump  Passages.— The  speed  of  i;irater 
through  the  valves  and  passages  or  a  pump  should  not  exceed  250  ft.  per 
minute,  and  care  should  be  taken  to  see  that  the  passages  are  not  too 
abruptly  deflected.  The  flow  of  water  through  the  discharge  pipe  should 
not  exceed  500  ft.  per  minute,  but  for  single-cylindered  pumps  it  is  usually 
figured  at  between  250  and  400  ft.  per  minute.  In  the  case  of  very  large 
pumps,  greater  velocities  may  be  allowed.  The  suction  pipe  for  the  i>ump 
should  be  larger  than  the  discharge  pipe.  Ordinarily,  the  suction  pipe  for  a 
pump  should  not  exceed  250  ft.  in  len^h,  and  should  not  contain  more  than 
two  elbows.  The  following  formula  gives  the  diameter  of  the  suction  and 
discharge  pipes  of  a  pump: 

G  =  U.  S.  gallons  per  minute; 

d'  ^  diameter  of  suction  pipe  in  inches; 

d"=  diameter  of  discharge  pipe  in  inches; 

d"=  4.95-y'-^,. 

t/  =  velocity  of  water  in  feet  per  second  in  the  suction  pipe  =  fi*oin 

.60v"to  .75 1/';    - 
v"  =  velocity  of  water  in  feet  per  second  in  the  discharge  pipe. 

RATIO  OF  STEAM  AND  WATER  CYLINDERS  IN  A 
DIRECT-ACTING  PUMP. 

A  =  area  of  steam  cylinder;  H  =  head  of  water  =  2.309  j»; 

D  =  diameter  of  steam  cylinder;  a  =  area  of  pump  cylinder; 

P  =  steam  pressure  in  pounds  per      d  =  diameter  of  pump  cylinder; 

square  inch; 
p  =  pressure  per  square  inch,  corresponding  to  the  head  H  =  .433 1I\ 
„         -,  .  -  work  done  in  pump  cylinder 

E=  efficiency  of  pump  =         ,-o  -     .  -  v    Jl      t   a—'^ 
^       *"      *"       work  done  in  steam  cylinder 

""-EP^  ^=^\V'  a-Ep-^-EP' 

EAP^  p__   ap, 

P'J .  EA' 
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(     If£=  75j<,theii  J=  1.732PX~. 

fE  Is  commonly  taken  at  fh>m  .7  to  .8  for  ordinary  direct-acting  pumpa 
Tor  the  liigrhest  class  of  pumping  engines  it  may  amount  to  .9.  The  steam 
pressure  :P  is  the  mean  effectiye  pressure,  according  to  the  indicator  dia- 
f>  gram;  Uie  pressure  p  is  the  mean  total  pressure  acting  on  the  pump  plunger 
or  piston,  including  the  suction,  as  would  be  shown  by  the  indicator  dia- 
'  gram  of  tne  water  cylinder.  The  pressure  on  the  pump  cylinder  is  firequently 
I  mucli  greater  than  that  due  to  the  height  of  the  lift,  on  account  of  the 
'  friction  in  the  valves  and  passages,  which  increases  lapidly  with  the  velocity 
of  the  flow. 

Piston  Speed  of  Pumps.— For  small  pumps,  it  is  customary  to  assume  a 
speed  of  100  ft.  per  minute,  but,  in  the  case  of  very  small  short-stroke  pumps, 
tnls  is  too  high,  owins:  to  the  fact  that  the  rapid  reverses  make  the  flow 
througrb.  the  valves  ana  change  in  the  direction  of  the  current  too  frequent. 
When  tbe  stroke  of  the  pump  is  somewhat  longer  (18  in.  or  more),  higher 
speeds  can  be  employed,  and  in  the  case  of  large  pumping  engines  having 
long  strokes,  speeds  of  as  much  as  20O  to  250  ft.  i>er  minute  are  successfully 
uaea  without  jar  or  hanmier. 

Boilor  Feed-PamM.— In  practice,  it  has  been  shown  that  a  piston  speed 
greater  than  100  it.  per  minute  results  in  excessive  wear  and  tear  on  a 
boiler  feed-pump,  especially  when  the  water  is  warm.  This  is  due  to  the 
fact  that  vapor  forms  in  the  cylinders,  and  results  in  a  water  hammer.  In 
determining  the  proper  size  of  a  pump  for  feeding  a  steam  boiler,  not  only 
the  steam  employed  in  running  the  engine,  but  that  necessary  for  the 
pumps,  heating  system,  etc.  must  be  taken  into  consideration. 


THEORETIOAL  OAPAOITY  OF  PUMPS  AND  THE  HORSEPOWER 
REQUIRED  TO  RAISE  WATER. 

Let  Q    =  cubic  feet  of  water  per  minute; 

0  =s  U.  S.  gallons  per  mmute; 
€H    =  U.  S.  gallons  per  hour; 

d    a  diameter  of  cylinder  in  inches; 

1  a  stroke  of  piston  in  inches; 

N    =  number  single  strokes  i>er  minute; 
V     =  speed  of  piston  in  feet  per  minute; 
W    =  weight  moved  in  pounds  i)er  minute; 
p     =:  pressure  in  pounds  per  square  feet  =  62.5  X  ff; 
p     =  pressure  in  pounds  per  square  inch  =  .433  X  Ja' 
H    =  height  of  lift  in  feet; 
H.  P.  =  horsepower. 

n    cP    IN 
Then,  Q  =^  .^  .  ^- =  .0004545 A^cP/. 

G  =  Y'  ^-  =   0034  NdH.     Q'  •=  .2MNd*l. 
4       231 
The  diameter  of  piston  required  for  a  given  capacity  i)er  minute  will  be 

d  -  46.iJ|,  =  17.15^'^^  or  d  =  13.54^  =  4.95^|. 

The  actual  capacity  of  a  pump  will  vary  ttGm  60}^  to  955<  of  the  theoretical 
capacity,  depending  on  the  tightness  of  the  piston,  valves,  suction  pipe,  etc. 
_?Z.  =  QgXl44X.433  ^QH^^  yp_ 
83,000  33,000  629.2       1,714.5* 

The  actual  horsepower  required  will  be  considerably  greater  than  the 
theoretical,  on  account  of  the  rriction  in  the  pump;  hence,  at  least  205<  should 
be  added  to  the  power  for  fWction  and  usually  about  5W  more  is  added  to 
cover  leaks,  etc.,  so  that  the  actual  horsepower  required  by  the  pump  is 
about  709(  more  than  the  theoretical. 

Example  1.— If  it  is  desired  to  find  the  size  of  a  pump  that  will  throw 
30  gal.  of  water  per  minute  up  125  ft.,  from  the  bottom  of  a  pit  or  prospect 
shaft  to  the  station  pump  at  the  main  shaft,  it  may  be  accomplished  as 
follows: 

An  allowance  of  probably  259(  should  be  made  with  a  small  pump  of  this 
character,  to  overcome  slippage  or  leaking  through  the  valves,  past  the  piston, 
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etc.,  and  hence  we  will  call  the  total  amount  of  water  to  be  handled  4Q  g4 
per  minute.    The  formula  for  the  diameter  of  piston  is 


Assuming  that  v  =  100  ft.  i>er  minute,  we  have 

d  =  4.95/.4  =  4.95  X  .63  =  3.13. 

In  practice,  a  3i"  pump  would  probably  be  employed. 

Example  2.— If  it  is  desired  to  find  the  approximate  horsepower  ne 
to  lift  30  gal.  per  minute  in  the  above  example,  without  determining  the  £ 
of  the  pump,  it  can  be  done  as  follows: 

In  order  to  cover  leakage  through  valves,  friction,  etc.,  an  addition  of  at 
least  75)(  should  be  made  to  a  very  small  pump  like  this,  and  so  we  would 
count  on  If  H.  P. 

Depth  of  Suotion.— Theoretically,  a  perfect  pump  will  raise  water  to  a 
height  of  nearly  34  ft.  at  the  sea  level;  but,  owing  to  the  fact  that  a  perfed 
vacuum  can  never  be  fittained  with  the  pump,  that  the  water  always  con- 
tains  more  or  less  air,  and  that  more  or  less  watery  vapor  will  form  below 
the  piston,  it  is  never  possible  to  reach  this  theoretical  lunit,  and,  in  practice, 
it  is  not  poffiible  to  draw  water  much,  if  any,  over  30  ft.  at  the  sea  level,  even 
when  the  water  is  cold.  Warm  water  cannot  be  lifted  as  high  as  cold  water, 
owing  to  the  fact  that  a  larger  amount  of  watery  vapor  forms.  With  boiler 
feed-pumps  handling  hot  water,  the  water  should  flow  to  the  pumps 
by  gravity. 

Amount  of  Wstor  Rslsod  by  a  Single-Actlng  Lift  Pump.— In  the  case  of  all 
pumps  having  a  piston  or  ram.  the  amount  of  water  lifted  is  usually  con- 
siderably less  than  the  piston  displacement,  owing  to  the  leakage  through 
the  valves,  etc.,  but  with  single-acting  lift  pumps,  having  bucket  plungers 
with  a  clack  valve  in  the  plunger,  the  amount  lifted  may  actually  exceed 
the  plunger  displacement,  that  is,  the  volume  of  water  may  actually  be 
greater  than  the  length  of  the  stroke  multiplied  by  the  number  of  strokes, 
for,  during  the  up  stroke,  the  water  both  above  and  below  the  piston  is  set  in 
motion,  and  during  the  down  stroke,  the  inertia  of  the  water  actually  carries 
more  water  through  the  valve  than  would  pass  through  it  on  account  of  the 
space  passed  through.  This  increases  as  the  speed  or  number  of  strokes 
increases. 

Pump  Valves.— As  a  rule,  a  large  number  of  small  valves  having  a  compar- 
atively small  opening  are  preferable  to  a  small  number  of  large  valves  with 
a  greater  opening,  and  most  modem  pumps  are  built  upon  these  lines.  A 
small  valve  represents  a  proportionately  larger  surface  of  discharge  v^th  the 
same  lift  than  the  large  valve,  hence  whatever  the  total  area  of  the  valve- 
seat  oi>ening,  its  full  contents  can  be  discharged  with  less  lift  through 
numerous  small  valves  than  through  one  large  valve.  Cornish  pumps 
generally  have  one  large  metal  valve. 

Power  Pumps.— Where  comparatively  small  amounts  of  water  are  to  be 
handled,  and  power  is  available,  belt-driven  power  pumps  are  very  much 
more  efficient  than  small  steam  pumps. 

Electrically  Driven  Power  Pumps.— Where  water  is  to  be  delivered  ftom 
isolated  workings  to  the  sumps  for  the  large  station  pumps,  electrically 
driven  power  pumps  are  far  more  efficient  than  steam  pumps.  In  some 
cases  it  is  probably  best  to  equip  the  entire  mine  with  electric  pumps,  both 
in  the  isolated  workings  and  at  the  stations,  on  account  of  the  fact  that  they 
can  be  driven  by  a  high-class  compound-condensing  engine  on  the  surface, 
directly  connected  to  a  generator,  and  famishing  electricity  through  con- 
ductors to  the  various  pumps. 

The  total  efficiency  of  a  series  of  small  electric  pumps  that  aggregate  a 
sufficient  amount  of  power  to  enable  this  arrangement  to  be  uS,  is  very 
much  higher  than  the  total  efficiency  of  a  number  of  small  isolated  steam  oi 
compressed-air  pumps  introduced  into  the  workings.  With  compound' 
condensing  engines  upon  the  surface,  operating  electric  pumps  underground, 
the  steam  consumption  per  pump  horsepower  per  hour,  for  the  smaller 
sizes,  would  only  be  about  40  lb.  per  horsepower  per  hour;  fbr  medium-sized 
electric  pumps,  about  30  lb.  of  steam  per  nour,  and  larger  sizes  fh)m  20  to 
30  lb.  per  horsepower  per  hour.    It  will  be  s««n  ^w  these  flares  ttuit  for 
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prumping  from  iaoUted  poitioiu  of  the  mine  the  electric  pump  is  much  more 
effi.cient  than  the  steam  pump,  and  owing  to  the  fact  tnat  the  current  can 
frequently  be  obtained  from  the  lines  operating  the  underground  haulage 
system,  Aimlshing  light,  etc.,  it  is  evident  that  this  system  of  pumping  has 
a  great  future  before  It  in  connection  with  mining. 

The  following  table  gives  the  gallons  per  minute  delivered  from  various 
sized  pumps  operating  at  different  piston  speeds: 

Pump  and  Wateb  Memoranda. 
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1  eal  =231  cu.  in.  =  .13368  cu.  ft.    1  gal.  of  water  at  39.2°  =  8.33888  lb. 
icu.  ft.  of  water  =  7.48052  gal.,  and  weighs  62.423  lb.  q^i^ 
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MISCELLANEOUS    FORMS  OP  WATER    ELEVATORS. 

Jet  Pump.— In  this  form,  the  energv  of  the  jet  of  water  is  utilized  for 
raising  a  larger  volume  through  a  small  distance,  or  a  mixture  of  water  and 
solid  material  through  a  short  distance. 

Vacuum  Pump.— The  pulsometer,  which  is  the  most  important  representa- 
tive of  this  class,  consists  of  two  chambers  in  a  large  casting,  with  suitable 
automatic  valves  arranged  at  the  top  and  bottom  oi  the  chambers.  Steam  is 
introduced  into  one  of  the  chambers,  then  the  valve  at  the  top  closed.  This 
steam  will  condense,  forming  a  vacuum  that  draws  water  fh>m  the  suction 
into  the  chamber.  When  the  chamber  is  filled  with  water,  steam  is  again 
introduced  and  forces  the  water  out  through  the  discharge  pipe.  The 
operation  is  then  repeated,  more  water  being  drawn  in  by  the  condensation 
of  the  steam.  The  two  chambers  work  alternately,  one  being  engaged  in 
drawing  water  in  while  the  other  forces  it  out.  The  total  steam  efficiencv 
of  this  form  of  pump  is  small,  though  it  may  actually  be  above  that  of  small 
steam  pumps  employed  in  isolated  portions  of  a  mine.  The  advantages  are 
that  the  pump  possesses  no  intricate  mechanism,  no  reciprocating  parts, 
requires  no  luorication,  and  is  not  injured  by  gritty  or  acid  materials.  On 
this  account  it  may  be  employed  for  pumping  water  in  concentration  works, 
coal-washing  plants,  and  fflmilar  places  where  the  water  is  liable  to  contain 
grit  or  dirt. 

Air-Lift  Pumps.— By  introducing  compressed  air  at  the  bottom  of  a  pipe 
submerged  in  any  liquid,  the  air  In  the  pipe  rises  as  bubbles,  and  so  reduces 
the  specific  gravity  of  the  fluid  in  the  pipe.  This  causes  the  fluid  in  the  pipe 
to  rise  above  the  level  of  that  surrounding  the  pipe.  The  diflTerence  m 
specific  gravity  can  never  be  great,  and  nence  the  fluid  can  never  be 
elevated  to  any  considerable  height  without  having  the  lower  end  immersed 
to  a  correspondingly  great  depth.  On  this  account  it  is  frequently  necessary 
to  drill  a  well  considerably  below  the  water-bearin?  strata,  so  as  to  obtain 
the  proper  ratio  between  the  submerged  portion  of  the  pipe  and  the  height 
to  wnicn  the  water  is  to  be  lifted.  Some  advantages  or  this  form  of  pump 
are  that  there  are  no  moving  parts,  no  lubrication  is  required,  and  gritty 
material  does  not  interfere  with  the  operation.  If  the  pump  is  constructed 
of  suitable  material,  it  may  be  employed  for  handling  acids  or  solutions  in 
electrolytic  or  chemical  works.  Tnis  style  of  pump  is  also  quite  extensively 
employed  for  pumping  water  from  Artesian  wells.  It  has  not  been  succeeBsflil 
as  a  mine  pump,  owing  to  therratio  between  the  part  immersed  and  the  lift. 

Centrifugal  Pumps.— The  height  of  lift  depends  on  the  tangential  velocity 
of  the  revolving  disk  of  pump  and  the  quantity  of  water  discharged,  and  is 
proportional  to  the  area  of  the  discharge  orifices  at  the  circumference  of  the 
disk.  The  most  efficient  total  lift  for  the  centriftigal  pump  is,  approximately, 
17  ft.,  and  for  small  lifts  the  centrifhgal  pump  is  much  more  efficient  than 
any  style  of  piston  pump.  For  a  given  lift,  the  total  efficiency  of  a  centrif- 
ugal pump  increases  with  the  size  of  the  pump.  Centriftigal  pumps  are 
always  designated  by  the  size  of  their  outlet,  as,  for  instance,  a  2^  or  4"  pump, 
meaning  with  a  2"  or  4"  discharge  pipe.  Centriftigal  pumps  are  not  at 
all  effective  for  dealing  with  great  neads,  and  hence  have  never  come 
into  competition  with  piston  pumps  for  this  class  of  work.  For  lifting 
laree  volumes  of  water  against  a  low  head,  as  in  irrigation  or  drainage 
problems,  they  are  remarkably  efficient.  Under  the  most  favorable  circum- 
stances, the  efficiency  of  the  centriftigal  pump  may  be  practically  70^;  that  is, 
the  pump  mav  do  an  amount  of  work  upon  the  water  that  is  theoretically 
equal  to  tOji  of  the  power  ftimished  to  the  pump.  Pumping  engines  work- 
ing against  high  heads,  and  operated  by  the  most  improved  class  of  engines, 
may  attain  an  efficiency  of  practically  85^. 

Centrifugal  Pump  as  a  Dredge.— When  dredging  is  done  by  means  of  centrif- 
ugal pumps,  a  greater  amount  of  power  is  necessary,  and  the  punu>  has  to 
be  run  at  a  greater  speed  than  when  pumping  water,  owing  to  the  fact  that 
the  fluid  beinsr  handled  has  a  greater  densify  than  water.  When  de&ling 
with  fine  sana,  as  much  as  50^  of  the  bulk  of  the  material  handled  may  \» 
sand,  though,  as  a  rule,  the  amount  of  solid  material  in  the  water  dredged 
only  runs  from  30)(  to  35^  of  the  total. 

Water  Buckets.— Where  only  a  limited  amount  of  water  collects  in  the 
mine  workings,  it  is  frequently  removed  by  means  of  a  special  water  bucket 
or  water  car  during  the  hours  that  the  hoisting  ennne  would  otherwise  be  , 
idle.    Where  very  large  amounts  of  water  are  to  be  removed,  it  has  also 
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found  economical  to  remoye  them  by  means  of  special  water  buckets. 
_  J  is  especially  true  in  tlie  case  of  deep  shafts. 

One  of  tlie  best  illustrationB  of  this  class  of  work  is  the  Oilberton  water 
■■ft,  which  has  been  equipped  at  the  Oilberton  Colliery  of  the  Phila- 
delphia and  Readine:  Coal  &  ixon  Co.    The  collieries  draining  to  this  shaft 
eeqnire  the  removal  of  6,000,000  gal.  of  water  per  24  hours  during  the  wet 
tfeaaon,  and  this  has  to  be  lifted  fVom  a  depth  of  1,100  ft.    In  order  to  accom- 
^Usfa  the  work  by  means  of  steam  pumps,  it  required  a  number  of  pump 
sfea.tlons  in  different  parts  of  the  mine,  each  of  which  had  to  be  attended  by 
a  pumpman,  and  a  large  number  of  steam  lines  were  required  in  the  mine. 
To.   order  to  remove  the  danger  of  fire  caused  by  these  steam  lines,  and  to 
di^^ense  with  the  large  amount  of  labor  otherwise  necessary,  it  was  decided  to 
i&oist  the  water,  and  a  shaft  22  ft.  X  26  ft.  8  in.  outside  of  timbers,  was  sunk. 
Tills  shaft  contains  two  compartments  7  ft.  X7  ft.,  in  which  the  water 
^suLckets  are  operated,  and  two  compartments  7  ft.  X  11  ft.  8  in.  that  are 
otilized  for  cages  to  lower  men,  timber,  and  other  supplies.    The  water 
tarLks  employed  in  the  special  water  compartments  are  5  it.  6  in.  in  diameter, 
and  14  ft.  long.    They  are  provided  with  a  special  device  sliding  on  regular 
cas^e  g^iiides,  and  empty  themselves  automatically  at  the  surface  by  means 
of  a  trip  or  sliding  valve.    Two  pairs  of  direct-actmg  hoisting  engines,  with 
4J^*  X  €(y  cylinders,  operating  drums  14  ft.  8  in.  in  diameter  by  15  ft.  face, 
are  employed.    These  operate  the  water  buckets  in  cages  by  means  of  2" 
cixkcible  steel  ropes,  at  50  revolutions  per  minute,  which  is  equivalent  to  a 
piston  speed  of  500  ft.  per  minute.    The  drums  will  hoist  two  tanks  of  2,400 
gal.  per  minute.    This  gives  an  output  of  7,000,000  gal.  per  24  hours.    By 
sligrlitly  increasing  the  8i>eed  of  the  engine  this  amount  can  be  increased  IM, 
wliich  is  2^  in  excess  of  the  calculated  maximum  demand  on  the  shaft. 
Tlie  cages  in  the  cage  compartments  are  so  arranged  that  they  can  be  discon- 
nected, and  water  buckets  substituted  for  them.    This  would  be  a  total 
output  of  over  14,000,000  gal.  per  24  hours  at  the  normal  speed  of  the 
en^ne.     One  great  advantage  of  this  style  of  pumping  plant  is  that  there  is 
absolutely  no  fear  of  drowning  the  pumps. 

Some  years  ago  the  Hamilton  iron  mine,  in  Michigan,  was  drowned  by 
a  sudden  inrush  of  water  that  drove  the  pumpmen  from  the  pumps.  In 
order  to  remove  this  large  volume  of  water,  special  bailing  buckets  were 
substituted  for  the  ordinary  mine  skips.  These  bailing  bucKcts  ran  on  the 
inclined  skip  road,  and  unwatered  the  mine  in  a  remarkably  short  time. 

Sinking  Pumps.— Sinking  pumps  may  be  either  single  or  duplex  in  their 
action,  and  may  be  inside  or  outiside  packed.    Outside-peu*.ked  single-acting 

Jmmps  are  in  many  ways  preferable,  owing  to  the  fact  that  they  are  less 
table  to  get  out  of  order.    One  requisite  of  any  sinking  pump  is  that  it  should 
^ave  as  rew  exposed  parts  as  possible,  and  that  these  parts  should  be  so  placed 
that  they  will  oe  protected  from  injury  by  blasting  to  as  great  an  extent  as 
possible.    Sinking  pumps  are  usually  provided  with  a  telescopic  section  in  the 
suctioii  pipe,  and  somenmes  also  in  the  discharge  pipe,  so  that  they  can  be 
moved  down  several  feet  without  having  to  break  the  joints  of  the  piping. 
Pumps  for  Acid  Waters.— Where  mine  waters  are  acid  in  their  nature,  brass 
or  brass-lined  pumps  are  usually  employed, 
and  in   some  cases  even  wooden  pumps 
have  been  used,  as,  for  instance,  m  the 
Swedish  copper  mines,  though  this  prac- 
tice is  disappearing  in  favor  of  the  use  of 
brass  or  copper  linings.    The  pipes  for  such 
pumps  should  be  of  brass  or  copper  tubing, 
or  should  be  lined  with  some  substance 
that  will  not  be  affected  by  the  acid  of  the 
water.    Sometimes  wooden  linings  are  em- 
ployed, placed  as  shown  in  Fi^.  21  and  22, 
Fie.  21  being  a  section  of  the  pipe  with  the 
linmi^  complete,  and  Fig.  22  a  cross-section 
of  one  of  the  individual  boards  used  in  the 
lining.    These  are  usually  made  of  pine  Fig.  21.  Fig.  2*^. 

about  }  in.  thick,  and  are  grooved  on  each 

end  as  shown.  They  are  sprung  in  so  as  to  complete  a  circle  on  the  inside 
of  the  pipe,  and  then  long,  thin,  wooden  keys  driven  into  the  grooves. 
When  tne  water  is  allowed  to  go  into  the  pipes,  the  linings  swell  and  make 
all  joints  perfectly  tight.  Elbows  and  other  crooked  sections  are  lined  with 
sheet  lead  beaten  in  with  a  mallet.  <^ 
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FUELS. 

The  value  of  any  ftiel  is  measured  by  the  number  of  heat  units  that  its 
combustion  will  generate,  a  unit  of  heat  being  the  amount  required  to  heai 
1  lb.  of  water  1°  F.  The  fuels  used  in  generating  steam  are  composed  mainly 
of  carbon  and  hydrogen,  ash,  and  moisture,  with  sometimes  small  quajititiej^ 
of  other  substances  not  materially  affecting  their  value. 

Combustible  is  that  portion  which  will  bum;  the  ash  or  residue  varies 
from  2^  to  3^  in  different  fuels. 

The  following  table  gives,  for  the  more  common  combustibles,  the  air 
required  for  complete  combustion,  the  temperature  with  different  proportions 
of  air,  the  theoretical  value,  and  the  highest  attainable  value  under  a  steam 
boiler,  assuming  that  the  gases  pass  off  at  320^,  the  temperature  of  steam  at 
75  lb.  pressure,  and  the  incoming  draft  to  be  at  OOP;  also,  that  with  chimney 
draft  twice  and  with  blast  only  the  theoretical  amount  of  air  is  required  for 
combustion. 

Table  of  Combustibles. 


Kind  of 
Combustible, 


Temperature  of 
Combustion. 
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Hydrogen 

Petroleum 

(Charcoal ) 

Carbon  <  Coke  > 

(Anthracite...-  j 

Coal,  Cumberland, 

Coal,  Coking  bituminous 

Coal,  Cannel 

Coal,  Lignite 

Peat,  Kiln  dried 

Peat,  Air  dried,  %%  water 

Wood,  Kiln  dried 

Wood ,  A  i  r  dri  ed ,  2tKr  wa  t  er 
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5.76  4,000  2,8-20| 
6.00  4,080 !  2,910 
4.80  3,700,2,00: 
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2.8601,940 
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2,440  1,650 


2,550;i 

2,680  1 

2,540 

2,490 

2,420 

2,240 

2,260 

2,100 


,730 
,810 
,720 
670 
,6601 
,550 
,530 
,490 


Theoretical 
Value. 


>  Si  S 
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62,032 

21,000 

14,500 

15,370 
15,837 
15,080 
11,745 
9,660 
7,000 
7,245 
5,600 


64.20 

21.74 

15.00 

15.90 
16.00 
15.60 
12.15 
10.00 
7.25 
7.50 
5.80 


Highest 
Attainable 
Value  Un- 
der  Boiler. 
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18.55 

13.30 

14.28 

14.45 

14.01 

10.78 

8.92 

6.41 

6.64 

4.06 


QQ 


19.90 

14.14 

15.06 
15.19 
14.76 
11.46 
9.42 
6.78 
7.02 
4,39 


The  effective  value  of  all  kinds  of  wood  per  pound,  when  dry,  is  substan- 
tially the  same.  This  is  usually  estimated  at  .4,  the  value  of  the  same  weight 
of  coal.  The  following  are  the  weights  and  comparative  values  of  different 
woods  by  the  cord: 


Wood. 

Weight. 

Wood. 

Weight 

Hickory(shell  bark)  

Hickory  (red  heart)  

White  oak 

4,469 
3,705 
3,821 
3,254 
2,325 
2,137 

Beech 

Hard  maple 

8,126 
2,878 
3,875 
2,680 
1,904 
1,868 

Southern  pine 

Red  oak 

Virginia  pine 

Yellow  pme...^^. ^.... 

White  pine....^OOQ.k-.. 

^'pruce 

Bw  Jersey  pine  
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Much  is  said  nowadays  about  the  wonderAil  saying  that  is  to  be  expected 
Bonx  the  use  of  petroleum  for  fUel.  This  is  all  a  myth,  and  a  moment's 
attentioii  to  facts  is  sufficient  to  convince  any  one  that  no  such  possibility 
exists.  Petroleum  has  a  heating  capacity,  when  ftilly  burned,  equal  to  from 
21,000  to  22,000  B.  T.  U.  per  lb.,  or,  say,  60^  more  than  coal.  But,  owing  to 
Hie  ability  to  bum  it  with  less  losses,  it  has  been  found,  through  extended 
experiments  by  the  pipe  lines,  that  under  the  same  boilers,  and  doing  the 
same  ^watk.,  1  lb.  of  petroleum  is  equal  to  1.8  lb.  of  coal.  The  experiments  on 
locomotiTes  in  Russia  have  shown  practically  the  same  value,  or  1.77.  Now, 
a  gallon  of  petroleum  weighs  6.7  lb.  (though  the  standard  buying  and  selling 
weight  is  6.5  lb.),  and  therefore  an  actual  gallon  of  petroleum  is  equivalent 
under  a  boiler  to  12  lb.  of  coal,  and  190  standard  sallons  are  equal  to  a  gross 
ton  of  coal.  It  is  very  easy  with  these  data  to  determine  the  relative  cost. 
At  the  i^ells,  if  the  oil-  is  worth,  say,  2  cents  a  gallon,  the  cost  is  equivalent 
to  S3.80  per  ton  for  coal  at  the  same  place,  while  at,  say.  3  cents  per  eallon, 
the  lo-west  price  at  which  it  can  be  delivered  in  the  vicinity  of  New  York,  it 
costs  the  same  as  coal  at  95.70  per  ton.  The  Standard  Oil  Company  estimates 
that  173  gal.  are  equal  to  a  gross  ton  of  coal,  allowing  for  incidental  savings, 
as  in  gprate  bars,  carting  ashes,  attendance,  etc. 

Sawdust  can  be  utilized  for  fhel  to  good  advantage  by  a  special  fUmace 
and  automatic  feeding  devices.  Spent  tan  bark  is  also  used,  mixed  with 
some  coal,  or  it  may  be  burned  without  the  coal  in  a  proper  fiimace.  Its 
valne  is  about  one-fourth  that  of  the  same  weight  of  wood  as  it  comes  ttom 
the  press,  but,  when  dried,  its  value  is  about  8^  of  the  same  weight  of  wood 
in  same  state  of  dryness. 

It  has  been  estimated  that,  on  an  average,  1  lb.  of  coal  is  equal,  for  steam- 
making  purposes,  to  2  lb;  dry  peat,  2i  to  2i  lb.  dry  wood,  2i  to  3  lb.  dried  tan 
bark,  ^  to  3  lb.  cotton  stalks,  3^  to  3|  lb.  wheat  or  barley  straw,  and  6  to  8  lb. 
wet  tan  bark 

Natural  gas  varies  in  quality,  but  it  is  usually  worth  2  to  2i  times  the  same 
weight  of  coal,  or  about  30,000  cu.  ft.  are  equal  to  a  ton  of  coal. 

$l»ok,  or  the  screenings  from  coal,  when  properly  mixed— anthracite  and 
bituminous — and  burned  by  means  of  a  blower  on  a  grate  adapted  to  it,  is 
nearly  equal  in  combustible  value  to  coal,  but  its  percentage  of  reftise  is 
greater. 

The  accompanying  table  of  proximate  analyses  and  heating  values  of 
American  coals  was  compiled  by  Mr.  William  Kent,  for  the  1898  edition  of 
the  Babcock  &  Wilcox  Co.'s  book,  "  Steam."  The  analyses  are  selected 
from  various  sources,  and,  in  general,  are  averages  of  many  samples.  The 
heating  values  per  pound  of  combustible  are  either  obtained  from  direct 
calorimetric  determinations  or  calculated  from  ultimate  analyses,  except 
those  marked  (?),  which  are.  estimated  from  the  heating  values  of  coals 
of  similar  composition.  The  figures  in  the  last  column  are  obtained  by 
dividing  the  figures  in  the  preceding  column  by  965.7,  the  number  of  heat 
units  required  to  evaporate  1  lb.  of  water  at  212°  into  steam  of  the  same 
temperature. 

The  heating  values  per  pound  of  combustible  given  in  the  table,  except 
those  marked  (?),  are  probably  within  di  of  the  average  actual  heating  values 
of  the  combustible  portion  of  the  coals  of  the  several  districts.    When  the 

gercentage  of  moisture  and  ash  in  any  given  lot  of  coal  is  known,  the 
eating  value  per  pound  of  coal  may  be  found,  approximately,  by  multi- 
plying the  heating  value  per  pound  of  combustible  of  the  average  coal  of  the 
district  by  the  difference  between  lOOji  and  the  sum  of  the  percentages  of 
moisture  and  ash. 

The  heatine  effect  is  calculated  on  the  basis  of  the  coal  burned  to  carbon 
dioxide  and  liquid  water  at  100°  C,  and  is  stated  either  in  calories  per  kilo- 
gram or  English  heat  units  per  pound.  The  theoretical  evaporative  effect  is 
calculated  by  dividing  the  number  of  calories  per  kilogram  by  536,  or  the 
number  of  English  heat  units  per  pound  by  965.  In  either  case,  it  expresses 
the  theoreticalnumber  of  kilograms  or  pounds  of  water  converted  into  steam 
from  and  at  100°  C,  by  1  kilogram  or  1  lb.  of  coal. 

A  committee  of  the  Western  Society  of  Engineers,  of  Pittsburg,  report 
that  1  lb.  of  good  coal  =  7i  cu.  ft.  of  natural  gas.  When  burned  with  just 
enough  air,  its  temperature  of  combustion  is  4,200°  F.  The  Westinghouse 
Air  Brake  Co.  found  from  experiment  that  1  lb.  Youghiogheny  coal 
=  12i  cu.  ft.  natural  gas,  or  1,000  cu.  ft.  natural  gas  =  81.6  lb.  coal.  Indiana 
natural  gas  g^ves  1,000,000  B.  T.  U.  for  1,000  cu.  ft.  and  weighs  .045  lb.  per 
en.  ft. 
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AnthrcKUe. 

Northern  Coal  Field   .     . 

3.42 

4.38 

83.27 

8.20 

.73 

13,160 

5.00 

95.00 

14,900 

15.42 

East  Middle  Coal  Field     . 

8.71 

3.08 

86.40 

6.22 

.58 

13,420 

3.44 

96.66 

14,900 

15.42 

West  Middle  Coal  Field  . 

3.16 

8.72 

81.69 

10.65 

.50 

12,840 

4.86 

95.64 

14,900 

16.42 

Soothem  Coal  Field     .    . 

8.09 

4.28 

88.81 

8.18 

.64 

13,220 

4.85 

95.16 

14,900 

16.42 

SemianthracUe. 

Lojalsock  Field     .    .    . 

1.30 

8.10 

88.84 

6.28 

1.63 

13,920 

8.86 

91.14 

16,500 

16.05 

Bemlce  Basin      .    .    .    . 

.65 

9.40 

83.69 

5.84 

.91 

13,700 

10.98 

89.03 

16,500 

16.05 

Semibituminous. 

Broad  Top,  Pa 

.79 

16.61 

77.80 

6.40 

.90 

14,820 

17.60 

82.40 

16,800 

16.96 

Clearfield  Co..  Pa.    .    .    . 

.76 

22.52 

71.82 

8.99 

.91 

14,950 

24.60 

76.40 

16,700 

16.25 

Cambria  Co.,  Pa.   .    .    . 

.94 

19.20 

71.12 

7.04 

1.70 

14,450 

2-J.71 

77.29 

15,700 

16.25 

Somerset  Co.,  Pa.     .    .    . 

1.58 

16.42 

71.51 

8.62 

1.87 

14,200 

20.87 

79.63 

16,800 

16.86 

Cumberland,  Md.   .    .     . 

1.09 

17.30 

78.12 

7.75 

.74 

14,400 

19.79 

80.21 

16,800 

16.86 

Pocahontas,  Ta 

1.00 

21.00 

74.89 

8.08 

.58 

15,070 

2i.50 

77.60 

16,700 

16.25 

New  Blver,  W.  Ta.     .    . 

.85 

17.88 

77.64 

8.86 

.27 

15,220 

18.96 

81.06 

15,800 

16.86 

BUuminou*. 

ConnellsTille,  Pa.     .    .    . 

1.26 

80.12 

69.61 

8.23 

.78 

14,050 

34.03 

66.97 

16,800 

16.84 

Youghlogheny,  Pa.     .    . 

1.08 

86.50 

69.06 

2.61 

.81 

14,450 

:iH.78 

61.27 

15,000 

16.53 

Pittsburg,  Pa 

1.37 

85.90 

52.21 

8.02 

1.80 

13,410 

41.61 

68.89 

14,800 

15.82 

Jefferson  Co.,  Pa.   .    .    . 

1.21 

32.53 

60.99 

4.27 

1.00 

14,370 

H;-,.47 

64.68 

16,300 

15.74 

Middle  Kittaning  Seam,  Pa. 

1.81 

85.83. 

58.70 

7.18 

1.98 

13,200 

40.27 

69.78 

14,600 

15.01 

Upper  Preeport  Seam,  Pa. 

and  Ohio 

1.98 

35.90 

50.19 

9.10 

2.89 

13.170 

4;%  .59 

66.41 

14,800 

15.82 

Thacker,  W.  Va.    .    .    . 

1.38 

85.04 

66.08 

6.27 

1.28 

14,040 

;{H.38 

60.67 

15,200 

16.74 

Jackson  Co.,  Ohio    .    .    . 

3.88 

82.07 

67.60 

6.50 

13,090 

3;.  .76 

64.24 

14,600 

15.11 

Brier  Hill,  Ohio     .    .    . 

4.80 

84.60 

56.80 

4.80 

13,010 

3H.20 

61.80 

14,800 

14.80 

Hocking  Valley,  Ohio  .    . 

6.59 

84.97 

48.85 

8.00 

1.59 

12,130 

42.81 

67.19 

14,200 

14.70 

Yanderpool,  Ky.     .    .    . 

4.00 

34.10 

64.60 

7.80 

12,770 

3S,50 

61.50 

14,400 

14.91 

Muhlenberg  Co.,  Ky.    .    . 

4.33 

83.66 

55.50 

4.95 

1.57 

13,060 

3>^.86 

61.14 

14,400(?) 

14.91 

Scott  Co.,  Tenn.     .     .    . 

1.26 

35.76 

53.14 

8.02 

1.80 

13,700 

34,17 

65.83 

15,100(7) 

15.63 

Jefferson  Co.,  Ala.    .    .    . 

1.55 

84.44 

50.77 

2.62 

1.42 

13,770 

37.68 

62.87 

14,400(?) 

14.91 

BigMnddy,ni 

7.50 

30.70 

63.80 

8.00 

12,420 

3t;,30 

68.70 

14.700 

16.22 

Mt,  Olive,  111 

11.00 

85.66 

87.10 

13.00 

10,490 

47.00 

68.00 

18,800 

14.39 

Streator,  HI 

12.00 

83.80 

40.70 

14.00 

10,580 

45,00 

66.00 

14,800 

14.80 

Missouri 

6.44 

87.67 

47.94 

8.05 

12,230 

43.94 

56.06 

14,800(?) 

14.80 

Ugnite  and  LigniHc  Coals. 

Iowa 

8.45 

87.09 

85.60 

18.86 

8,720 

51.03 

48.97 

12,000a) 

13.43 

Wyoming 

8.19 

88.72 

41.83 

11.26 

10,390 

48.07 

61.93 

12,900(7) 

18.86 

Utah 

9.29 

41.97 

44.87 

8.20 

1.18 

11,030 

4H,60 

61.40 

12,600(7) 

18.04 

Oregon  lignite      .... 

15.25 

42.98 

38.32 

7.11 

1. 661    8,540 

i 

51.96 

46.06 

11,000(?) 

11.89 

A  British  thermal  unit  (B.  T.  U.)  is  the  quantity  of  heat  required  to  raise  the 
temperature  of  1  lb.  of  water  1°  F.  at  or  near  the  temperature  of  rrmTiinnin 
density,  39.P  F. 

A  calorie  is  the  quantity  of  heat  required  to  raise  the  temperature  of 
1  kilogram  of  water  1°  C.  at  or  about  4P  C. 

A  pound  calorie  is  the  quantity  of  heat  necessary  to  raise  the  temperature 
of  lib.  of  water  IOC. 

1  French  calorie  =  3.968  British  thermal  units. 

1  B.  T.  U.  =  .252  calorie. 

1  lb.  calorie  =  |  B.  T.  U.  =  .4586  calorie. 

The  heating  value  of  any  coal  may  be  calculated  from  its  ultimate 
analysis,  with  a  probable  error  not  exceeding  2^,  by  Dulong's  formula: 


Heating  value  per  lb.  =  146  C  +  620 


(--f). 


^"^  which  C,  H,  and  0  are,  respectively,  the  percentages  of  carbon,  hydrogen, 
"oxygen.  o 
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Heat  in  pound  calorie  =  8,080  C  +  34,462  (ff-  j), 
or  =.  8,080  C  +  34,462  (^-  §)  +  2,250  S, 
Heat  in  B.  T.  U.  =  14,650  C-  62.100  (h-  jV 

in  whiclx  C,  O,  H.  and  S  represent  the  wei^rhts  of  carbon,  oxygen,  hydro- 
gen, and  sulphur  in  1  lb.  of  the  substance. 

Composition  op  Fuels. 
{Mechanical  Drajl,  B.  F.  SturUvarU  Co.) 


Description. 


Carbon. 

Hydro- 

Oxy- 

Nitro- 

Sul- 

gen. 

gen. 

gen. 

phur. 

90.9 

1.47 

1.53 

1.00 

.80 

91.7 

3.78 

1.30 

1.00 

.72 

85.0 

3.71 

2.39 

1.00 

.90 

78.6 

2.50 

1.70 

.80 

.40 

80.0 

5.00 

2.70 

1.10 

1.20 

88.3 

4.70 

.60 

1.40 

1.80 

75.6 

4.93 

12.35 

1.12 

1.10 

69.7 

6.10 

19.17 

1.23 

1.30 

61.4 

4.87 

35.42 

1.41 

1.20 

57.0 

4.96 

26.44 

1.70 

1.50 

53.2 

4.81 

32.37 

1.62 

1.30 

49.1 

4.95 

41.13 

1.70 

1.40 

67.2 

4.26 

20.16 

1.07 

1.21 

66.9 

5.32 

8.76 

1.02 

2.20 

80.1 

5.50 

8.10 

2.10 

1.50 

63.1 

8.90 

7.00 

.20 

1.00 

49.7 

3.78 

30.19 

1.00 

1.53 

73.2 

4.71 

12.35 

1.11 

.63 

84.9 

13.70 

1.40 

86.3 

13.60 

.10 

86.6 

12.30 

1.10 

87.1 

11.70 

1.20 

Ash. 


Antkraciie. 

France   

Wales 

Khode  Island 

Pennsylyania 

SemibUuminous. 

Maryland 

Wales 

Bituminous. 

Pennsylvania 

Indiana 

IlUnois   

Vircinia 

Alabama  

Kentucky 

Cape  Breton 

Vancouver  Island. 

Lancashire  gas  coal- 
Boghead  canneL 

Lignite. 

California  brown 

Australian  brown 

Petroleum, 

Pennsylvania  (crude). 

Caucasian  (light) 

Caucasian  (heavy)  .... 

Refuse 


4.3 
1.5 
7.0 
14.8 

8.3 
3.2 

5.0 
3.5 
5.7 
8.4 
6.7 
7.2 
6.1 

15.8 
2.7 

19.8 

13.8 
8.0 


CLASSIFICATIONp  COMPOSITION,  AND   PROPERTIES  OF  COALS. 

Coals  may  be  broadly  divided  into  two  classes:  Anthracite,  or  hard,  coal; 
and  bituminous,  or  soft,  coal. 

Anthracite,  or  Hard,  Coal.— Specific  gravity,  1.30  to  1.70.  This  is  the  densest, 
hardest,  and  most  lustrous  of  all  varieties.  It  burns  with  little  flame  and 
no  smoke,  but  gives  a  great  heat.  Contains  very  little  volatile  combustible 
matter.  Color,  deep  olack,  shining;  sometimes  iridescent.  Fracture, 
conchoidal. 

Semlanthraclte  ooal  is  not  so  dense  nor  so  hard  as  the  true  anthracite. 
Its  percental  of  volatile  combustible  matter  is  somewhat  greater,  and  it 
ignites  more  readily. 

Bltuminoua.  or  Soft,  Coal.— Specific  gravity,  1.25  to  1.40.  It  is  generally 
brittle;  has  a  oright  pitchy  or  greasy  luster,  and  is  rather  fragile  as  compared 
with  anthracite.  It  bums  with  a  yellow  smoky  flame,  and  gives,  on  distil- 
lation, hydrocarbon  oils  or  tar. 

Under  the  term  "  bituminous  "  are  included  a  number  of  varieties  of  coal 
that  differ  materially  under  the  action  of  heat,  giving  rise  to  the  general 
claasiflcation:  Coking  or  caking  coals,  and  free-burning  coals. 

SamiMtnminoaa  ooal  has  the  same  general  characteristics  as  the  bituminous, 
although  it  is  usually  not  so  hard,  and  its  fracture  is  more  cuboidal.    The 
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percentacre  of  volatile  combustible  matter  is  leas.  It  kindles  readily,  and 
Durns  quickly  with  a  stead v  tire,  and  is  much  valued  as  a  steam  coal. 

Coking  ooals  are  those  that  become  pasty  or  semiviscid  in  the  fire;  and, 
when  heated  in  a  close  vessel,  become  partially  fUsed  and  agglomerate  into  a 
mass  of  coherent  coke.  This  property  of  coking  may,  however,  l>econie 
greatly  impaired,  if,  indeed,  not  entirely  destroved,  by  weathering. 

Free-burning  coals  have  the  same  general  characteristics  as  the  coking 
coals,  but  they  burn  freely  without  softening,  and  do  not  fiise  or  cake 
together  in  any  sensible  degree. 

Splint  coal  has  a  dull  black  color,  and  is  much  harder  and  less  firangible 
than  the  coking  coal.  It  is  readily  fissile,  like  slate,  but  breaks  with 
difficulty  on  cross-flracture*.  It  ignites  less  readily,  but  makes  a  liot  fire, 
constituting  a  good  house  coal. 

Weights  and  Measurements  of  Coal. 
{Coxe  Bros.  &  Co.,  Chicago,  lU.) 


Coal. 

u. 

§ 

I  A' 

Coal. 

Cubic  Feet 
per  Ton, 
2,000  Lb. 

Lehifirti  lumD          -  ... 

55.26 
55.52 
56.85 
57.74 
58.15 
58.26 
58.18 
54.04 
57.25 

36.19 
36.02 
35.18 
34.63 
34.39 
34.32 
37.60 
37.01 
34.93 

Free-burning  egg... 
Free-burning  stove 
Free-burning  nut-. 

Pittsburg  

Illinois  : 

Connellsville  coke 
Hocking 

56.07 
56.33 
56.88 
46.48 
47.22 
26.30 
49.30 
43.85 
48.07 
49.18 

35  67 

Lehigh  cuiK)la 

35.50 

Lehieh  broken    

3516 

Lehigh  egg 

43.03 

Lehieh  stove       

42.35 

Lehigh  nut 

76.04 

Lehigh  pea 

Lehigh,  buckwheat... 
Lehigh  dust  

40  56 

Indiana  block 

45.61 

Erie      

41  ($1 

Ohio  cannel 

40.66 

Cannel  coal  differs  from  the  ordinary  bituminous  coal  in  its  texture.  It  is 
compact,  with  little  or  no  luster  and  without  any  appearance  of  a  banded 
structure.  It  breaks  with  a  smooth  conchoidal  fracture,  kindles  readily,  and 
burns  with  a  dense  smoky  fiame.  It  is  rich  in  volatile  matter,  and  noiaKes  an 
excellent  gas  coal.    Color,  dull  black  and  grayish  black. 

Lignite,  or  brown  coal,  often  has  a  lamellar  or  woody  structure;  is  some- 
times pitch  black,  but  more  often  rather  dull  and  brownish  black.  It  kindles 
readily  and  bums  rather  freely  with  a  yellow  flame  and  comparatively  little 
smoke,  but  it  gives  only  a  moderate  heat.  It  is  generally  non-coking.  The 
percentage  of  moisture  present  is  invariably  high— from  lOjt  to  304. 

The  subdivisions  given  above  are  entirely  arbitrary,  as  the  different 
varieties  of  coal  are  found  to  shade  insensibly  into  one  another.  The  follow- 
ing are  two  classifications  according  to  percentages  of  volatile  combustible 
matter: 

Classification  op  Coal  According  to  Volatile  Combustible. 


Coal. 


Per  Cent. 


Kent. 
Per  Cent. 


Anthracite 

Semianthracite . 
Semibituminous 

Bituminous 

Lignite 


2.5  to  6 
7  to  10 
12  to  20 
over  20 


0to7 

7.5  to  12 

12.5  to  25 

25  to  50 

over  50 


The  Composition  of  Coals.— A  proximate  analysis  determines  the  proportion 

''f  those  products  of  a  coal  having  the  most  important  bearing  on  its  uses. 

lese  substances  as  usually  presented  are:  Moisture,  or  water,  volatile  com- 


PROPERTIES  OP  COALS.  171 

insdhle  matter,  fixed  carbon,  sulphur,  and  ash.  In  addition  to  these,  the 
4»llowiii£^  physical  proi>erties  are  generally  given:  Ck>lor  of  ash,  specific 
^gtHvity^  and  strength  or  hardness.  The  determination  of  these  eight  nictore 
glyes  a  fair  general  idea  of  the  adaptabilities  of  a  coal. 

Hoistare,  or  water,  in  coal,  has  no  fUel  value,  is  an  inert  constituent,  dug, 
handled,  and  hauled,  and  finally  expelled  at  a  cost  of  fUel.  Each  per  cent. 
of  moisture  means  20  lb.  less  fuel  for  each  ton  of  coal. 

Volatile  oombnstible  matter  is  an  important  constituent  of  coal,  the  amount 
and  quality  deciding  whether  a  cocJ  is  suitable  for  the  manufacture  of 
illuminating  gas.  The  coking  of  coal  also  is  largely  dependent  on  this 
constituent,  when  a  large  percentage  of  volatile  combustible  matter  is 
present,  coals  ignite  easily  and  bum  with  a  long  yellow  flame,  and,  in 
ordinary  combustion,  give  out  dense  smoke,  and  form  soot.  This  quality 
makes  a  fttel  obiectionable  for  railway  and  sometimes  for  naval  use. 

The  fixed  oerbon  is  the  principal  combustible  constituent  in  coal,  and,  in 
bituminous  and  sconibituminous  coals,  the  steaming  value  is  in  proportion  to 
the  percentage  of  fixed  carbon.  Though  the  fixed  carbon  of  a  coal  evapo- 
rates much  less  water  than  an  equivalent  weight  of  the  volatile  combustiDle 
matter  vrhen  properly  burnt,  in  practice,  so  much  of  the  latter  is  lost  through 
careless  firing,  or  improper  ftimace  construction,  that  the  relative  steaming 
value  of  a  coal  may  be  fairly  approximated  by  assuming  the  carbon  to  be 
the  only  useftil  constituent. 

Snlpber  will  bum  and  develop  heat,  and  is  not  inert  like  moisture  and 
ash.  But  it  corrodes  grates  and  boilers;  in  the  blast  fUmace  it  injures  iron, 
and  produces  a  hot  short  pig,  and  is  objectionable  in  coal  for  forge  use.  In 
eas  making,  the  sulphur  must  be  removed.  It  usually  occurs  in  coal  in  the 
form  of  iron  pyrites,  which,  oxidizing,  causes  disintegration,  and  sometimes 
spontaneous  combustion.    It  is  then  an  element  of  danger  and  loss. 

Ash  is  an  inert  constituent,  which  means  20  lb.  of  weight  to  be  handled 
and  20  lb.  loss  per  ton  of  coal  for  each  per  cent,  present.  Water  in  coal  is 
removed  at  the  cost  of  fUel,  while  ashes  are  removed  at  extra  cost  of  labor. 
It  is  estimated  that  if  the  cost  of  stoking  coal  is  6M  of  the  cost  of  coal  (coal 
at  S3.00  per  ton,  and  labor  at  91.00  per  dav),  and  with  cost  of  handling  ashes 
double  that  of  stoking  coal,  5^  of  ash  will  lessen  the  fuel  value  of  coal  over 
e^;  lOjt  ash,  over  12^;  and  so  on. 

The  oolor  of  the  ash  fUmishes  a  rough  estimate  of  the  amount  of  iron  con- 
tained in  a  fuel.  Iron  in  an  ash  makes  it  more  fUsible,  and  increases  its 
tendency  to  clinker.  In  domestic  consumption,  where  the  temperature  is 
low,  the  quantity  of  ash  is  of  more  importance  than  its  fusibility,  but  for 
steam  purposes,  where  an  excessive  heat  is  required,  ashes  of  a  ciinkering 
coal  will  fuse  into  a  vitreous  mass  and  accumulate  upon  the  grate  bars  ana 
exclude  the  passage  of  necessary  air.  The  practicabiuty  of  employing  a  coal 
will  often  be  determined  by  the  quality  of  the  clinkering  of  the  ashes. 
Under  such  conditions,  such  coals  are  best  whose  ashes  are  nearly  pure 
white  and  which  contain  little  or  no  alkali  nor  any  lime,  and  do  not  contain 
silica  and  alumina. 

The  epeciflo  gravity  is  an  important  factor  when  there  is  restriction  of 
space,  as  on  railway  cars  and  in  ship  bunkers.  A  given  bulk  of  anthracite 
coal  will  weigh  flrom  lOjt  to  15^^  more  than  the  same  bulk  of  bituminous  coal, 
so  that  f^om  lO^t  to  15j<  more  pounds  of  fuel  can  be  carried  in  the  same  place. 
The  average  specific  gravity  of  anthracite  coal  is  1.5,  and  a  cubic  yard  weighs 
about  2,531  lb. 

The  average  specific  gravity  of  American  bituminous  coals,  and  of  grades 
intermediate  between  them  and  anthracite,  is  about  1.325,  and  1  cu.  yd. 
weighs  about  2,236  lb. 

Strength  or  hardneaa  is  valuable  in  preventing  waste.  Jn  soft  coal,  much  is 
ground  to  dust  in  mining  and  at  the  tipple.  In  railway  transportation,  soft 
coal  is  crushed,  which  further  increases  the  loss,  and  the  coal  reaches  market 
in  bad  condition.  A  very  soft  coal  is  shipped  m  lump,  and  is  not  in  so  wide 
demand.  For  marine  use,  a  soft  coal  is  objectionable,  because  of  disintegra- 
tion by  the  motion  of  the  ship.  Strength  is  a  requisite  for  the  use  of  raw 
coal  in  the  blast  furnace,  and  also  to  prevent  excessive  loss  of  coal  through 
the  grates  in  ordinary  ftirnaces. 

Steaming  Coala.— lor  steam  making,  the  superiority  of  coals  high  in  com- 
bustible constituents  is  admitted,  and  those  with  the  higher  percentage  of 
fixed  carbon  are  the  most  desirable.  But  the  consideration  of  the  steaming 
qvAlities  of  a  coal  involves,  also,  a  consideration  of  the  form  of  flimace  and 
of  all  the  conditions  of  combustion.    The  evaporative  power  of  a  coal  in 
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practice  cannot  be  stated  without  reference  to  the  conditions  t)f  combustion, 
and  every  practical  test  of  a  coal,  to  be  thorough,  should  lead  to  a  determi- 
nation ol  tne  best  form  of  furnace  for  that  coal,  and  should  ftimisli  knowl- 
ed&re  as  to  what  class  of  furnaces  in  actual  use  such  coal  is  specially  adapted. 
It  IS  not  sufficient  that  in  comparatiye  tests  of  coals  the  same  conditions 
should  exist  with  each,  but  there  should  also  be  determined  tbe  best 
conditions  for  each  coal. 

Of  coals  high  in  fixed  carbon,  the  semlanthracites  and  the  Bemibitumi- 
nous  rank  as  high  as  the  anthracites  in  meeting  the  various  requirements  of 
a  quick  and  efficient  steaming  coal. 

j*or  railway  use,  these  coals  have  been  found  to  excel  anthracites  in 
evaporating  power.  The  comparative  absence,  in  semibituminous  coals,  of 
smoke,  which  means  loss  of  combustible  matter  as  well  as  discomfort  to  the 
traveler,  is  sufficient  to  suggest  the  superiority  of  these  coals  over  bituminous 
coals  for  such  use.  In  fact,  the  high  rate  of  combustion  and  the  strongr  draft 
necessary  in  locomotives  is  particularly  unfavorable  to  the  economic  com- 
bustion of  bituminous  coal.  8uch  semibituminous  coals  are  also  specially 
well  suited  for  small  tubular  boilers,  firebox  steam  boilers,  or  other  forms 
with  small  unlined  combustion  chambers,  in  which  the  gases  from  bitumi- 
nous coals  become  cooled,  are  not  burnt,  and  deposit  soot  in  the  tubes. 

Steaming  coal  should  kindle  readily  and  bum  quickly  but  steadily,  and 
should  contain  only  enough  volatile  matter  to  insure  rapid  combustion.  It 
should  be  low  in  ash  and  sulphur,  should  not  clinker,  and  when  it  is  to  be 
transported  should  not  easily  crumble  and  break. 

Coals  for  Iron  Making.— For  the  manufacture  of  iron  and  for  metallurgical 
purposes,  coal  is  chiefiy  used  after  being  converted  into  coke,  though  it  is 
also  used  to  a  limited  extent  in  the  raw  state.  Coal  directly  used  must  be 
strong  and  not  swell  nor  disintegrate  so  as  to  choke  the  ftimace.  It  should 
be  capable  of  producing  a  high  heat  and  should  not  conttiin  a  large  amount 
of  sulphur  or  phosphorus. 

CoKO.— Coke  is  the  fixed  carbon  of  a  coal,  a  fUsed  and  porous  product  pro- 
duced by  the  distillation  of  the  gaseous  constituent.  For  metallurgical  use. 
it  should  be  firm,  tough,  and  bright,  with  a  sonorous  ring,  and  should 
contain  not  over  K  of  sulphur.  For  blast-fhmace  use,  a  dense  coke  is 
objectionable,  and  the  best  is  the  one  with  the  largest  cell  structure  and  the 
hardest  cell  wall.  A  high  percentage  of  volatile  nydrocarbon  is,  as  a  rule, 
necessary  for  a  good  coking  coal. 

The  msibility  of  the  carbon,  the  amount  of  disposable  hydrogen,  the 
tenacity  with  which  the  gaseous  constituents  are  held,  all  aff^ect  the  results 
in  coking.  Further,  coal  that  is  mined  near  the  outcrop,  and  has  been  sub- 
jected to  the  influence  of  the  weather,  loses  its  capacity  for  coking.  The 
process  of  manufacture  should,  however,  be  adapted  to  the  character  of  the 
coal,  as  it  has  an  important,  though  secondary,  influence  on  the  physical 
character,  uniformity  of  quality,  and  dryness  of  a  coke.  Coals  of  Inferior 
grade  are  made  to  produce  good  coke  by  using  coke  ovens  in  which  the  heat 
of  the  gases  is  applied  externally  to  the  coke  chamber,  but  the  coal  is 
generally  first  careftilly  crushed  and  washed.  Further,  the  depth  of  the 
charge  and  length  of  heating  have  an  important  bearing. 

As  at  present  understood,  and  in  the  present  mode  of  manufacture,  the 
essential  qualities  of  a  good  cokinfir  coal  are:  that  it  shall  contain  not  less  than 
205^  nor  more  than  20^  of  volatile  nydrocarbons.  and  not  too  much  ash;  that 
on  being  heated  it  must  pass  through  a  thorougjhly  fUsed  or  pasty  condition; 
and  that  when  in  this  condition,  it  must  part  with  its  volatile  matter  in  sach 
a  manner  as  to  form  innumerable  small  pores. 

If  a  coal  contains  less  than  2O56  of  volatile  matter,  it  will  not  fUse  properly, 
while  if  it  has  more  tjjian  20i  the  porous  structure  will  be  unduly  developed 
at  the  expense  of  the  strengrth  of  the  pore  walls;  on  the  other  hand,  many 
coals  lying  between  these  limits  will  not  fuse  at  all,  and  therefore  do  not 
coke,  while  others  flise  properly  but  ^give  o£f  their  gas  so  as  to  form  laige 
and  thin-walled  pores. 

Ordinary  analyses  do  not  indicate  whether  or  not  a  coal  is  a  good  cokine 
coal,  and  they  indicate  simply  by  giving  the  amount  of  carbon,  ash,  and 
sulphur,  what  will  be  the  probable  purity  of  the  coke  formed.  The  coal  of 
the  Pittsburg  bed  in  the  Connellsville  basin  of  Pennsylvania  is  considered 
by  many  as  the  standard  coking  coal,  but  coals  whose  analysis  differ  very 
materially  from  that  of  Connellsville  undoubtedly  give  most  excellent  cokes, 
which  are  equal  to  or  very  nearly  equal  to,  that  from  Connellsville,  as,  for 
Lstance,  the  Pocahontas  coke,  Virginia. 


^ 


ANALYSIS  OF  COAL,  173 

Dooieatio  Coals.— In  domestic  use,  coal  is  burned  in  open  grates,  in  closed 
iloves  ^wltli  ordinary  fire  bowls  and  flat  grates,  or  with  basket  grates  in  small 
itamaces  for  hot-air  heating,  and  in  cooking  stoves.  In  all  these,  the  coal 
that  enistains  a  mild,  steady  combustion,  and  remains  ignited  at  a  low  tem- 
perature 'With  a  comparatively  feeble  draft,  is  the  best.  A  coal  burning  with 
a  smoky  flame  is  objectionable  as  producing  much  soot  and  dirt,  especially 
for  open  grates  or  cooking  purposes.  For  self-feeding  stoves,  or  for  base 
burners,  a  dry  non-coking  coal  is  necessary.  A  very  free  and  fiercely  burn- 
ing coal  is  not  desirable,  particularly  in  stoves,  as  the  temperature  cannot  be 
easily  regnlated.  A  sulphurous  coal  is  also  bad,  as  it  produces  stifling  gases 
with,  a  defective  draft,  and  corrodes  the  grates  and  fire  bowls.  The  difficulty 
from  clinkering  is  not  so  great  in  domestic  uses,  as  the  temperature  is  not 
generally  high  enough  to  fuse  the  ash.  A  stony,  hard  ash  that  will  not  pass 
between  the  grate  bars  is  bad,  and  light  pulverulent  ash  is  best. 

0«s  Coals.— Mr.  H.  C.  Adams,  of  The  American  Gas  Light  Association, 
says:  '*  The  essentials  of  a  good  gas  coal  are  a  low  percentage  of  ash,  say  59^, 
and  of  sulphur,  say  i  of  1^,  a  generous  share,  say  87^  to  40^  of  volatile  matter, 
charired  with  rich  illuminatine  hydrocarbons.  And  it  should  yield,  under 
present  retort  practice,  85  candle-feet  to  the  pound  carbonized.  It  should  be 
sufficiently  dense  to  bear  transportation  well,  so  that,  when  carried,  long 
distances,  it  may  not  arrive  at  its  destination  largely  reduced  to  slack  or  fine 
coal  of  the  oonsdstency  of  sand.  And  it  should  possess  cokinsr  qualities  that 
will  luring  from  the  retorts,  after  carbonization,  about  60^  of  clean,  strong, 
brlRlit  coke." 

Blaoksmith  Cools.— A  good  coal  for  blacksmith  purposes  should  have  a 
higrli  heating  power,  should  contain  a  very  small  amount  of  sulphur,  if 
any,  should  coke  sufficiently  to  form  an  arch  on  the  forge,  and  should 
also  be  low  in  ash. 

From  the  above,  it  is  readily  seen  that  the  analysis  of  a  coal  does  not 
nec^arily  determine  its  value  or  the  uses  to  which  it  can  be  put.  How- 
ever, by  examining  the  analyses  given  in  the  table  on  page  168,  certain 
standards  may  be  adopted  as  showing  in  a  general  way  about  what  the 
analysis  of  coal  should  be  for  certain  purposes.  For  steam  purposes,  the 
semibituminous  coals  have  establishea  reputations.  For  gas  coals,  that 
from  Youghiogheny,  Pa.,  is  well  known.  For  blacksmiths,  Broad  Top  and 
Tioga  County,  Pennsylvania,  coals  are  standards;  while  for  coking,  Connells- 
ville  is  recogrnized  as  a  standard. 

The  sizes  of  anthracite  coal  vary.    The  sizes  of  screen  mesh  and  bar  open- 
ings used  for  separating,  range  as  follows: 
Lump,  over  bars  placed  7  to  9  in.  apart. 

Steamboat,  over  bars  placed  3i  to  5  in.  apart  and  through  bars  7  in.  apart. 
Orate,  over  2|  in.  and  through  4i  in.  square  mesh. 
Egg,  over  2  in.  and  through  2i  in.  square  mesh. 
Stove,  over  If  in.  and  through  2  in.  square  mesh. 
Chestnut,  over  I  in.  and  through  If  in.  square  mesh. 
Pea,  over  i  in.  and  through  f  in.  square  mesh. 
Buckwheat,  over  i  in.  and  through  ^  in.  square  mesh. 
No.  2  Buckwheat,  or  Bird's-eye,  over  i  in.  and  through  A  in.  square  mesh. 
The  sizes  of  bituminous  coal  are  Lump,  Nut,  and  SlacK. 
All  coal  that  passes  over  bars  1^  in.  apart  is  called  Lump. 
All  ooal  that  passes  through  bars  li  in.  apart  and  over  bars  |  in.  apart  is 
called  Nut. 

All  coal  that  i)a8ses  through  bars  J  in.  apart  is  called  Slack. 


ANALYSIS   OF   COAL. 

The  following  is  the  outline  of  the  method  recommended  for  the 
analysis  of  coal  by  a  committee  of  the  American  Chemical  Society,  Messrs. 
W.  F.  Hillebrand,  C.  B.  Dudley,  and  W.  A.  Noyes: 

Ssmpllng.— At  least  5  lb.  of  coal  should  be  taken  for  the  original  sample, 
with  care  to  secure  pieces  that  represent  the  average.  These  should  be 
broken  up  and  quartered  down  to  obtain  the  smaller  sample,  which  is  to 
be  reduced  to  a  fine  powder  for  analysis.  The  quartering  and  grinding 
should  be  carried  out  as  rapidly  as  i)ossible,  and  immediately  after  the 
original  sample  is  taken,  to  prevent  gain  or  loss  of  moisture.  The  pow- 
dered coal  should  be  kept  in  a  tightly  stoppered  tube,  or  bottle,  until 
analyzed.  Unless  the  coal  contains  less  than  2^  of  moisture,  the  shipment 
of  large  samples  in  wooden  boxes  should  be  avoided.  ^ 
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In  hotter  teMa,  shovelftils  of  ooal  should  be  taken  at  regular  inteacvaJs  and 
put  in  a  tif  ht  covered  barrel,  or  some  air-tight  covered  receptacle,  and  the 
latter  should  be  placed  where  it  is  protected  from  the  heat  of  tlie  fUmace. 

In  aampUng  from  a  mine,  the  map  of  the  mine  should  be  careflilly 
examined  and  points  for  sampling  located  in  such  a  manner  as  to  fairly 
represent  the  body  of  the  coal.  These  points  should  be  placed  close  to  the 
working  face.  Before  sampling,  make  a  fresh  cut  of  the  fiice  from  top  to 
bottom  to  a  depth  that  will  insure  the  absence  of  possible  changres  or  of 
sulphur  and  smoke  from  the  blasting  powders.  Clean  the  floor  and  spread 
a  piece  of  canvas  to  catch  the  cuttings.  Then,  with  a  chisel,  make  a  cutting 
from  floor  to  roof,  say  3  in.  wide  and  about  1  in.  deep.  Do  not  chisel  out 
the  shale  or  other  impurities  that  it  is  the  practice  at  that  mine  to  reject. 
Measure  the  length  or  the  cutting  made,  but  do  not  include  the  impurities 
in  this  measurement.  With  a  piece  of  flat  iron  and  a  hammer,  break  all 
pieces  to  quarter-inch  cubes  or  less,  without  removing  from  the  cloth. 
Quarter  down  and  transfer  to  a  sealed  bottle  or  jar.  For  the  "  run-of-roine  " 
sample,  samples  taken  at  several  points  in  this  manner  should  be  mixed 
and  quartered  down.  If  the  vein  varies  in  thickness  at  different  points,  the 
samples  taken  at  each  point  should  correspond  in  amount  to  the  thickness 
of  the  vein.  For  instance,  a  small  measure  may  be  filled  as  many  times 
with  the  coal  of  the  sample  as  the  vein  is  feet  in  thickness.  Should  there 
appear  differences  in  the  nature  of  the  coal,  it  will  be  more  satisfactory  to 
take,  in  addition  to  the  general  sample,  samples  of  such  portions  of  the 
vein  as  may  display  these  differences. 

Moisture.— Dry  1  g.  of  the  coal  in  an  open  porcelain  or  platinum  crucible 
at  104°  to  107°  C.  for  1  hour,  best  in  a  double-walled  bath  containing-  pure 
toluene.    Cool  in  a  desiccator  and  weigh  covered. 

Volatile  Combustible  Matter.— Place  1  g.  of  fr^sh,  undried  coal  in  a  platinum 
crucible,  weighing  20  to  30  g.,  and  having  a  tightly  fitting  cover.  Heat  over 
the  fUll  flame  of  a  Bunsen  burner  for  7  minutes.  The  crucible  should  be 
supported  on  a  platinum  trianele  with  the  bottom  6  to  8  cm.  above  the  top 
of  tne  burner.  The  flame  used  should  be  frilly  20  cm.  high  when  burning 
free,  and  the  determination  made  in  a  place  free  from  drafts.  The  upper 
surface  of  the  cover  should  bum  clear,  but  the  under  surface  should 
remain  covered  with  carbon.  To  find  "volatile  combustible  matter," 
subtract  the  percentage  of  moisture  from  the  loss  found  here. 

Aeh.— Burn  the  portion  of  coal  used  for  the  determination  of  moisture  at 
first  over  a  very  low  fiame,  with  the  crucible  open  and  inclined,  untU  free 
from  carbon.  If  properly  treated,  this  sample  can  be  burned  much  more 
quickly  than  the  dense  carbon  left  from  the  determination  of  volatile 
matter. 

Fixed  Carbon.— This  is  found  by  subtracting  the  percentage  of  ash  from. 
the  percentage  of  coke. 

Sulphar  (Eeohl(a*8  Method).— Mix  thoroughly  Ig.  of  the  finely  powdered 
coal  with  1  g.  of  magnesium  oxide  and  i  g.  of  dry  sodium  carbonate,  in  a  thin 
75  to  100  c.  c.  platinum  dish  or  crucible.  The  magnesium  oxide  should  be 
light  and  porous,  not  a  comi>act,  heavy  variety.  The  dish  is  heated  on  a 
tnangle  over  an  alcohol  lamp,  held  in  the  hand  at  first.  Gas  must  not  be 
used,  because  of  the  sulphur  it  contains.  The  mixture  is  frequently  stirred 
with  a  platinum  wire  and  the  heat  raised  very  slowly,  especially  with  soft 
coals.  The  flame  is  kept  in  motion  and  barely  touching  the  dish,  at  first, 
until  strong  glowing  has  ceased,  and  is  then  increased  mdually  until,  in 
15  minutes,  the  bottom  of  the  dish  is  at  a  low  red  heat.  When  tne  carbon 
is  burned,  transfer  the  mass  to  a  beaker  and  rinse  the  dish,  using  about 
50  c.  c.  of  water.  Add  15  c.  c.  of  saturated  bromine  wate'r  and  boil  for 
5  minutes.  Allow  to  settle,  decant  through  a  filter,  boil  a  second  and  third 
time  with  30  c.  c.  of  water,  and  wash  until  the  filtrate  gives  only  a  slight 
opalescence  witl^  silver  nitrate  and  nitric  acid.  The  volume  of  the  filtrate 
should  be  about  20O  c.  c.  Add  Ik  c.  c.  of  concentrated  hydrochloric  acid, 
or  a  corresponding  amount  of  dilute  acid  (8  c.  c.  of  an  acid  of  8^).  BoU 
until  the  bromine  is  expelled,  and  add  to  the  hot  solution,  drop  by  drop, 
especially  at  first,  and  with  constant  stirring,  10  c.  c.  of  a  10^  solution  of 
barium  chloride.  Digest  on  the  water  bath,  or  over  a  low  flame,  with 
occasional  stirring  until  the  precipitate  settles  clear  quickly.  Filter  and 
wash,  using  either  a  Gooch  crucible  or  a  paper  filter.  The  latter  may  be 
ignited  moist  in  a  platinum  crucible,  using  a  low  flame  until  the  camn 
is  burned. 

In  the  case  of  coals  containing  much  pyrites  or  calcium  sulphate,  the 
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residue  of  magrnesiimL  oxide  should  be  dinolyed  in  hydrochloric  acid  and 
Uie  solution  tested  for  sulphuric  add. 

Wlien  the  sulphur  in  the  coal  is  in  the  form  of  pyrites,  that  compound  is 
converted  almost  entirely  into  ferric  oxide  in  the  determination  of  ash,  and, 
Binee  3  atoms  of  oxygen  replace  4  atoms  of  sulphur,  the  weight  of  the  ash 
is  less  than  the  weight  of  the  mineral  matter  in  the  coal  by  |  the  weight  of 
tlie  sulphur.  While  the  error  from  this  source  is  sometimes  considerable, 
a  correction  for  "  proximate '"  analyses  is  not  recommended.  When 
analyses  are  to  be  used  as  a  basis  for  calculating  the  heating  effect  of  the 
coal«  a  correction  should  be  made. 

The  analysis  of  a  coal  may  be  reported  in  three  different  forms,  as  per- 
centages of  the  moist  coal,  or  the  dry  coal,  or  of  the  combustible.  Thus, 
suppose  1  g.  of  coal  is  analyzed,  and  the  first  heating  shows  a  loss  of 
^veifrht  of  .1  g.,  the  second  of  .3  g.,  the  third  .5g.,  the  remainder,  or  ash, 
\irei£^hingr  -1  g-.  the  complete  report  would  be  as  follows: 


Per  Cent. 

of  the 
Moist  Coal. 

Per  Cent. 

of  the 
Dry  Coal. 

Per  Cent. 

of  the 

Combustible. 

Moisture 

Volatile  matter 

10 
30 
50 
10 

33.33 
55.56 
11.11 

37  50 

Fixed  carbon 

62.50 

Ash  

Total  

100 

100.00 

100.00 

STEAM. 

A  calculation  of  the  power  that  coal  possesses,  compared  with  the  use  Ail 
work  which  steam  engines  exert,  shows  that  probably  in  the  very  best 
engines  not  one-tenth  of  the  power  is  converted  into  usefUl  work,  and  in 
some  very  bad  engines,  probably  not  one  one-hundredth.  There  are  many 
causes  for  this;  some  we  can  never  remedy,  because  to  do  so  it  would  be 
necessary  to  exhaust  the  steam  at  a  lower  temperature  than  is  practical. 
There  are  other  causes  that  can  and  ought  to  be  removed.  We  want  good 
engines,  good  boilers,  high-pressure  steam,  expansive  working,  and  con- 
densing appliances. 

Hlfh-Prttssrt  Stttm.— Why  should  we  use  high-pressure  steam?  There 
are  several  good  reasons.  Whatever  pressure  we  have  available  at  the 
steam  boiler,  a  certain  amount  is  absorbed  in  overcoming  the  resistances  of 
the  engine  and  without  doing  any  useful  work.  Suppose  our  available 
steam  pressure  is  20  lb.,  and  10  lb.  are  so  absorbed;  that  leaves  us  only 
one-half;  but,  if  we  have  100  lb.  available,  it  would  leave  us  nine-tenths. 
High-pressure  steam  means  fewer  boilers  and  smaller  engines,  with  founda- 
tions and  houses  of  less  dimensions.  Then,  again,  the  amount  of  work  that 
it  is  possible  to  get  out  of  a  given  Quantity  of  steam  depends  on  the  differ- 
ence between  the  temperature  at  tne  commencement  of  the  stroke  and  the 
temperature  at  the  end  of  the  stroke. 

Now,  there  is  a  limit  as  to  how  low  the  temperature  can  be  at  the  end, 
and  as  we  raise  the  commencing  temperature,  we  enlarge  the  available 
difference.  We  may  put  the  advantages  of  high-pressure  steam  In  this  way. 
By  taking  a  fixed  temperature  in  the  condenser  of,  say,  100°  F.,  and  initial 
temperatures  when  the  steam  enters  the  cylinder,  of  varying  amounts,  the 
theoretic  efficiency  of  that  steam  can  be  determined.  Commencing  with 
atmospheric  pressure,  we  have  an  efficiency  of  le.ejt. 


Lb. 

10 

Per  Cent. 
20.0 

Lb. 

100 

125 

150. 

200 

250 

300 

Per  Cent. 
29.8 

20 

30 

40 

50 

22.1 

23.7 

25.0 

26.1 

31.1 

32.2 

33.9 

35.3 

60            .  -• 

2r,.o 

36.5 

80 

28.6 
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We  can  only  get  in  practice  with  steam  a  certain  proi>ortion  of  the 
theoretic  power,  and  that  proportion  varies  with  the  pressure  of  the  stecun. 

In  early  days  we  used  steam  at  atmospheric  pressure,  the  efficiency 
being  16.6^;  afterwards,  we  had,  in  compound  engines  of  two  cylinders, 
steam  of  60  lb.,  the  efficiency  being  27^.  Now  we  have  triple-expansion 
engines,  using  steam  at  150  lb.,  the  efficiency  being  32.29^.  It  wlU  be 
observed  that,  although  the  efficiency  increases  as  the  steam  pressure 
increases,  the  amount  of  that  increase  is  a  diminishing  quantity,  and  it 
becomes  so  small  at  and  beyond  150  lb.  pressure  that  probaoly  any  gain  in 
efficiency  is  not  a  satisfactory  set-off  to  the  additional  expense  of  strength- 
enins:  the  parts  of  the  engine.  But  then,  how  very  few  of  our  engines  work 
nearly  so  high  as  150  lb.  pressure. 

The  advantages  of  hi»L-pres8ure  steam  are  not  yet  sufficiently  appreciated. 
It  is  not  merely  the  difference  between  60  lb.  and  120  lb.  Suppose  we  use 
steam  at  60  lb.;  probably  we  shall  get  50  lb.  at  engine,  and  resistances  of 
engine  will  absorb  10  lb.,  leaving  40  lb.  Now,  suppose  we  use  120  lb.,  we  can 
get  at  engine  110  lb.,  and  if  resistances  of  engine  aosorb  10  lb.,  we  shall  have 
100  lb.  as  against  40  lb. 

Expansion  of  Sttam. — By  "  expansion  of  steam  "  we  mean  that  at  a  certain 
point  of  the  stroke  we  shut  off  steam  supply  firom  the  boiler  to  the  cylinder, 
and  the  steam  already  within  the  cylinder  performs  the  remainder  of  the 
stroke  unaided.  Now,  suppose  we  do  not  expand  at  all.  Suppose  we  allow 
free  admission  of  steam  into  the  cylinder  all  through  the  stroke;  we  shall 
have  at  the  end  of  the  stroke  pressure  exactly  similar  to  the  pressure  with 
which  we  commenced.  Now,  we  cannot  work  a  seam  of  coal  and  still  have 
the  coal  left;  we  cannot  get  work  out  of  steam  and  still  have  the  work  left 
in  it,  and  so,  if  our  steam  pressure  is  the  same  at  the  end  of  the  stroke  as  at 
the  beginning,  we  simply  discharge  twice  in  each  revolution  a  whole 
cylinder  full  of  steam  tnat  has  done  no  work  at  all,  and  waste  it  just  the 
same  as  if  we  had  discharged  it  from  the  boiler  without  passing  through  the 
engine  at  all.  But  some  one  will  say,  work  has  been  done  upon  the  engine 
while  that  steam  was  in  the  cylinder.  True— and  the  explanation  is.  that 
while  the  steam  is  performing  work  its  heat  and  pressure  must  dimmish, 
and  so  long  as  the  communication  with  the  boiler  is  open,  fresh  heat  comes 
from  the  boiler  into  the  cylinder  to  take  its  place,  and  at  the  end  of  the 
stroke  we  have  expended  heat  represented  by  the  capacity  of  two  cylinders, 
and  have  performed  work  as  represented  by  the  capacity  of  one  cylinder. 
Now,  suppose  we  close  the  communication,  and  beyond  a  certain  point  of 
the  stroke  allow  no  more  steam  to  enter,  we  get  an  amount  of  work  from 
the  steam  already  in  the  cylinder,  represented  by  the  diminishing  pressure 
of  the  steam  by  expansion. 

Condtnsers.— The  effective  i)ower  of  an  engine  does  not  depend  on,  and 
is  not  measured  by,  the  pressure  pushing  the  piston.  There  is  always  what 
is  termed  a  back  pressure  holding  the  piston  back,  and  the  real  effective 

1)ressure  is  evidently  the  difference  between  the  two.  Suppose  we  have  a 
ocomotive  engine,  or  a  winding  engine,  throwing  exhaust  into  the  open 
air.  The  back  pressure  cannot  be  less  than  the  pressure  of  the  open  air, 
and,  indeed,  to  overcome  it,  it  must  be  something  more.  But  if  we  can 
discharge  our  exhaust  into  some  vessel  from  which  atmospheric  pressure 
and  all  other  pressure  has  been  removed,  we  know  that  atmospheric  pres- 
sure amounts  to  about  15  lb.,  and  the  removal  of  that  from  the  fix>nt  of  the 
piston  is  as  good  as  adding  15  lb.  behind. 
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The  steam  boiler  that  will  be  the  most  suitable  for  a  certain  mine  will 
depend  on  the  nature  of  the  feed  water,  the  cost  of  fuel,  and  the  amount  of 
steam  required.  When  the  acid  water  fh)m  the  mine  is  used  for  feedwater, 
and  fuel  is  cheap,  the  type  of  boiler  generally  used  is  either  the  plain 
cylindrical  or  flue  boiler,  because  it  is  simple  in  construction  and^can 
therefore  be  easily  cleaned  and  cheaply  replaced  when  eaten  by  the  mine 
water.  The  tubular  or  locomotive  type  is  used  where  good  water  can  be 
obtained,  except  in  the  best  equipped  plants,  where  the  water-tube  boiler  is 
used.  Feedwater  taken  from  the  mine,  or  containing  acid,  should  be 
neutralized  by  lime  or  soda  before  being  used.  In  case  it  contains  minerals 
in  solution,  a  feedwater  separator  should  be  employed  to  precipitate  the 
mineral  substance  before  the  water  is  allowed  to  enter  the  boiler. 
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,  We  always  calculate  the  strength  of  a  boiler  in  the  direction  of  its 
diameter,  because,  theoretically,  a  boiler  is  twice  as  strong  in  the  direction 
of  len^h  as  direction  of  diameter.  Many  causes  may  bnn^  about  boiler 
explosions.  First,  bad  materials;  second,  bad  workmanship;  third,  bad 
water,  which  eats  away  the  plates  by  internal  corrosion;  fourth,  water  lying 
upon  plates,  bringing  about  external  corrosion;  fifth,  overpressure;  sixth, 
safety  valves  sticking;  seventh,  water  getting  too  low:  eighth,  excessive 
tiring^;  ninth,  hot  gases  acting  on  plates  above  water  level;  tenth,  choking  of 
feedpipes;  eleventh,  insufficient  provision  for  expansion  and  contraction; 
twelitn,  insufficient  steam  room  and  too  sudden  a  withdrawal  of  a  large 
quantity  of  steam;  thirteenth,  getting  up  steam,  or  knocking  off  a  boiler 
too  suddenly;  fourteenth,  allowing  wet  ashes  to  lie  in  contact  with  plates. 
Ttie  probable  causes  suggest  their  several  remedies. 

wherever  possible,  and  except  under  certain  circumstances,  steam 
en^nes  should  not  be  placed  in  the  mine,  and  certainly  steam  boilers 
sliould  be  in  all  cases  placed  upon  the  surface.  8team  injures  the  ventila- 
tion, increasing  the  temperature  where  already  too  high,  doing  injury  and 
causing  inconvenience  by  condensation,  and  many  fires  in  mines  have  been 
caused  by  underground  boilers. 

The  Lancashire  Boiler.— The  colliery  boiler  that  finds  much  favor  in  Eng- 
land is  that  class  of  Lancashire  boiler  which  is  28  or  30  ft.  long  and  7  or  8  ft. 
in  diameter,  and  has  two  large  flues  running  through.    There  is  no  doubt 


tliat  the  marine  type  will  generate  more  steam  with  a  given  amount  of 
coal,  and,  consequently,  is  gaining  ground,  and  will  gaiii  ground  where 
coal  is  dear.    But  the  Lancashire  boiler  is  a  good  steam  generator,  and  will 


not  only  work  longer  without  repairs,  but  is  less  troublesome  and  expensive 
to  repair.  The  fiivorite  construction  some  few  years  ago  was  wrought  iron 
iwrlth  double-riveted  horizontal  joints  and  Galloway  tubes  (Galloway 
tubes  are  simply  taper  tubes  running  across  the  flues  in  the  boiler),  and 
expansion  weldless  hoops  strengthening  the  flues  and  allowing  for  expan- 
sion and  contraction.  The  dimensions  were  7  fl.  diameter,  and  from 
28  to  30  ft.  long,  with  internal  flues  each  2  ft.  9  in.  diameter,  the  circular 
plates  being  about  i  in.  and  the  end  plates  about  i  in.  The  safe  working 
pressure  was  about  60  lb.  per  sq.  in.  Now  the  conditions  are  somewhat 
altered.  Steel  has  taken  the  place  of  iron,  giving  increased  strength,  and 
allowing  increased  diameter  and  increased  pressure.  Ring  plates  have  also 
abolished  a  great  source  of  weakness  in  a  boiler,  namely,  horizontally 
riveted  joints.  A  good  Lancashire  boiler  now  will  measure  8  ft.  in 
diameter  and  30  ft.  long,  with  ring  plates  i  in.  thick,  end  plates  probably 
J  in.,  and  will  work  very  well  at  120  lb.  pressure  i>er  sq.  in. 

Horsepower  of  Boilers.— The  horsepower  of  a  boiler  is  a  measure  of  its 
capacity  for  generating  steam.  Boilermakers  usually  rate  the  horsepower 
of  their  boilers  as  a  certain  fraction  of  the  heating  surface;  but  this  is  a 
very  indeflnite  method,  for  with  the  same  heating  surface,  different  boilers 
of  the  same  type  may,  under  different  circumstances,  generate  different 
quantities  of  steam. 

In  order  to  have  an  accurate  standard  of  boiler  power,  the  American 
Society  of  Mechanical  Engineers  has  adopted  as  a  standard  horsepower 
an  evaporation  of  30  lb.  of  water  per  hour  from  a/eedwater  temperature  of  100°  F. 
into  steam  at  70  lb.  gauge  pressure,  which  is  considered  equivalent  to 
34.5  units  of  evaporation;  that  is,  to  34.5  lb.  of  water  evaporated  from  a 
feedwater  temperature  of  212°  F.  into  steam  at  the  same  temperature. 

Example. — A  boiler  evaporates  per  hour  1,980  lb.  of  water  from  a  feed 
temperature  of  100°  into  steam  at  70  lb.  gauge  pressure.  What  is  the 
horsepower  of  the  boiler  ? 

Since,  under  the  given  conditions,  an  evaporation  of  30  lb.  is  equivalent 
to  1  horsepower,  the  number  of  horsepower  is  1,980  -r-  30  ^  66. 

In  the  various  types  of  boilers  there  is  a  nearly  constant  ratio  between 
the  water-heating  surface  and  the  horsepower,  and  also  between  the  heating 
surface  and  the  grate  area.  These  ratios  are  given  in  the  table  on  page  178. 
If  the  heating  surface  of  a  boiler  is  known,  the  horsepower  can  be  found 
roughly;  thus,  if  a  return-tubular  boiler  has  a  heating  surface  of  900  sq.  ft., 
its  horsepower  lies  between  »/y»  =  50  H.  P.  and  W  --  64.3  H.  P.,  say  aix)ut 
57  H.  P. 

The  heating  surface  of  a  boiler  is  the  portion  of  the  surface  exposed  to  the 
action  of  flames  and  hot  gases.    This  includes,  in  the  case  of  the  multi- 
tubular boiler,  the  portions  of  the  shell  below  the  line  of  brickwork,  f 
exposed  heads  of  the  shell,  and  the  interior  surface  of  the  tubes.    In  ' 
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case  of  a  water-tube  boiler,  the  heating  surface  comprises  the  portion  of 
the  shell  below  the  brickwork,  the  outer  surface  of  the  headers,  and  outer 
surface  of  tubes.    In  any  given  case,  the  heating  surface  may  be  calculated 

Ratio  op  Heating  Surface  to  Horsepower  and  op  Heating  Surface 
TO  Grate  Area. 


Type  of  Boiler. 

Ratio  =  Heating  Surface 
Horsepower    * 

^  ^          Heating  Surface 
^"^  ~       Grate  Area     ' 

Plain  cylindrical 

Flue 

Return  -  tubular 

Vertical  

Water-tube 

Locomotive  

6  to  10 
8  to  12 

14  to  18 

15  to  20 
.     10  to  12 

1  to    2 

12  to    15 
20to    25 
25  to    35 
25  to    30 
35  to    40 
50  to  100 

by  the  rules  of  mensuration.    The  following  example  will  show  the  method 
of  calculating  the  heating  surface  of  a  return-tubular  boiler: 

Example.— A  horizontal  return-tubular  boiler  has  the  following  dimen- 
sions: Diameter,  60  in.;  length  of  tubes,  12  ft.;  internal  diameter  of  tubes, 
8  in.;  number  of  tubes,  82.  Assume  that  f  of  the  shell  is  in  contact  with 
hot  gases  or  flame,  and  \  of  the  two  heads  are  heating  surface. 

Circumference  of  shell  =  60  X  8.1416  =  188.496  =  188.5  In.,  say. 

Length  of  shell  ==-  12  X  12  =  144  in. 

Heating  surface  of  shell  »  188.5  X  144  X  f  =  18,096  sq.  In. 

Circumference  of  tube  =  3  X  3.1416  =  9.425  in.,  nearly. 

Heating  surface  of  tubes  =  82  X  144  X  9.425  =  111,290.4  sq.  in. 

Area  of  one  head  =602^  .7854  =  2,827.44  sq.  in. 

Two-thirds  area  of  both  heads      =  f  X  2  X  2,827.44  =  3,769.92  sq.  in. 

From  the  heads  must  be  subtracted  twice  the  area  cut  out  by  the  tubes; 
this  is  82  X  3«  X  .7854  X  2  -  1,159.26. 

Total  heating  surface  in  square  feet  = 

18,0%  +  m.m4^+ 3.769.92  - 1.169.26  ^  ^^^  ^  ^     ^^ 

Probable  Maximum  Work  op  a  Plain  Cylindrical  Boiler  op  120  Sq.  Ft, 

Heating  Surface  and  12  Sq.  Ft.  Grate  Surface,  at 

Different  Rates  op  Driving. 


Rate  of  driving;  lb. 
water  evaporated 
per  sq.ft.  of  heating 
surface  per  hour  ».. 

Total  water  evapora- 
ted by  120  sq.  ft. 
heating  surftice  i)er 
hour,  lb 

Horsepower;  34.5  lb. 
per  nour  =  1  H.  P. 

Pounds  water  evapo- 
rated per  lb.  com- 
bustible   

Pounds  combustible 
burned  per  hour  ... 

Pounds  combustible 
per  hour  per  sq.ft. 
of  grata 

Pounds  combustible 
per  hour  per  horse- 
power  


2 

8 

3.5 

240.00 

360.00 

420.00 

6.96 

10.43 

12.17 

10.88 

11.30 

11.36 

22.10 

31.90 

37.00 

1.85 

2.65 

3.08 

3.17 

3.05 

3.04 

480.00 
13.91 

11.29 
42.50 

3.55 

3.06 


4.5 

5 

6 

7 

540.00 

600.00 

720.00 

840.00 

15.65 

17.39 

20.87 

24.36 

11.20 

11.05 

10.48 

9.48 

48.20 

54.30 

68.70 

88.60 

4.02 

4.52 

5.72 

7.38 

3.08 

3.12 

3.30 

3.64 

960.00 
27.83 

8.22 
116.80 

9.73 

4.16 


From  the  figures  in  the  last  line,  we  see  that  the  amount  of  ftiel  required 
for  a  given  horsepower  is  nearly  37^  greater  when  the  rate  of  evaporation  is 
8  lb.  Uian  when  It  is  3.5  lb. 


Digitized  by  VjOOQIC 


DANGER  OF  EXPLOSION.  179 

The  fig^ures  in  the  preceding  table  that  represent  the  economy  of  fhel,  yIz., 
*  •■  Ponnds  water  evaporated  per  lb.  combustible  "  and  "  Pounds  combustible 
per  hour  i>er  horsepower,"  are  what  may  be  called  ** maximum"  results, 
£tnd  they  are  the  highest  that  are  likely  to  be  obtained  with  anthracite  coal, 
\¥ith  the  most  skilful  liring  and  with  every  other  condition  most  favorable. 
Unfavorable  conditions,  such  as  poor  firing,  scale  on  the  inside  of  the 
lieatins  surface,  dust  or  soot  on  the  outside,  imperfect  protection  of  the  top 
of  the  boiler  from  radiation,  leaks  of  air  through  the  brickwork,  or  leaks  of 
water  tlirough  the  blow-oflr  pipe,  may  greatly  reduce  these  figures. 

Choic*  of  a  Bolltr.— Questions  that  arise  under  this  head  in  regard  to  any ' 
Iwiler  are: 

1.  Is  the  crate  surface  sufficient  for  burning  the  maximum  quantity  of 
coal  expected  to  be  used  at  any  time,  taking  into  consideration  the  availa- 
ble draft,  the  quality  of  the  coal,  its  percentage  of  ash,  whether  or  not  the 
ash  tends  to  run  into  clinker,  and  the  facilities,  such  as  shaking  grates,  for 
getting  rid  of  the  ash  or  clinker? 

2.  Is  the  fUmace  of  a  kind  adapted  to  bum  the  particular  kind  of  coal 
used? 

3.  Is  the  heating  surface  of  extent  sufficient  to  absorb  so  much  of  the^' 
heat  generated  that  the  gases  escaping  into  the  chimney  shall  be  reasonably 
low  in  temperature,  say  not  over  450°  F.  with  anthracite,  and  550°  F.  with  . 
bituminous  coal? 

4.  Are  the  gas  passages  so  designed  and  arranged  as  to  compel  the  gas 
to  traverse  at  a  umform  rate  the  whole  of  the  heating  surface,  being  not  so 
large  at  any  point  as  to  allow  of  the  gas  finding  a  path  of  least  resistance,  or 
short-circuiting,  or,  on  the  other  hand,  so  contracted  at  any  point  as  to 
cause  an  obstruction  to  the  draft? 

These  questions  being  settled  in  favor  of  any  given  boiler— and  they  may 
be  answered  favorably  for  boilers  of  many  of  the  common  types— the 
relative  merits  of  the  different  types  may  now  be  considered  with  reference 
to  their  danger  of  explosion;  their  probable  durability;  the  character  and 
extent  of  repairs  that  may  be  needed  from  time  to  time,  and  the  difficulty, 
delay,  and  expense  that  these  may  entail;  the  accessibility  of  every  part  of 
the  boiler  to  inspection,  internal  and  external;  the  fiicllity  for  removal 
of  mud  and  scale  nrom  every  portion  of  the  inner  sur&ce,  and  of  dust  and 
soot  from  the  exterior;  the  water  and  steam  capacity;  the  steadiness  of 
water  level,  and  the  arrangements  for  securing  dry  steam. 

Each  one  of  the  points  referred  to  above  should  be  considered  careftilly 
by  the  intending  purchaser  of  any  type  of  boiler  with  which  he  is  not 
familiar  by  experience.  The  several  points  may  be  considered  more  in 
detail. 

Dtnger  of  Explosion.— All  boilers  may  be  exploded  by  overpressure,  such  as 
might  be  caused  by  the  combination  of  an  inattentive  fireman  and  an 
inoperative  safety  valve,  or  by  corrosion  weakening  the  boiler  to  such 
an  extent  as  to  make  it  unable  to  resist  the  regular  working  pressure*  but 
some  boilers  are  much  more  liable  to  explosion  than  others.  In  consider- 
ing the  probability  of  explosion  of  any  boiler  of  recent  design,  it  is  well  to 
study  it  to  discover  whether  or  not  it  has  any  of  the  features  that  are  known 
to  be  dangerous  in  the  plain  cylinder,  the  horizontal  tubular,  the  vertical 
tubular,  and  the  locomotive  boilers.  The  plain  cylinder  boiler  is  liable  to 
explosion  from  strains  induced  by  its  method  of  suspension,  and  by  changes 
of  temperature.  Alternate  expansion  and  contraction  may  produce  a  line 
of  weakness  in  one  of  the  rinra,  which  may  finally  cause  an  explosion.  A 
boiler  should  be  so  suspended  that  all  its  parts  are  free  to  change  their  posi- 
tion under  changes  of  temperature  without  straining  any  part.  The 
circulation  of  water  in  the  boiler  should  be  sufficient  to  keep  all  parts 
at  nearly  the  same  temperature.  Cold  feedwater  should  not  be  allowed  to 
come  in  contact  with  the  shell,  as  this  will  cause  contraction  and  strain 
The  horizontal  tubular  boiler,  and  all  externally-fired  shell  boilers,  are 
liable  to  explosion  from  overheating  of  the  shell,  due  to  accumulation  of 
mud,  scale,  or  grease,  on  the  portion  of  the  shell  lying  directly  over  the  fire 
to  a  double  thickness  of  iron  with  rivets,  together  with  some  scale,  over  the 
fire,  or  to  low  water  uncovering  and  exposing  an  unriveted  part  of  the  shell 
directly  to  the  hot  gases.  Vertical  tubular  boilers  are  liable  to  explosion 
from  deposit  of  mud,  scale,  or  grease,  upon  the  lower  tube-sheet,  and  from 
low  water  allowing  the  upi)er  part  of  the  tubes  to  get  hot  and  cease  to  act 
as  stays  to  the  upper  tube-sheet.  Jjocomotlve  boilers  mav  explode  from 
deposits  on  the  crown  sheet,  from  low  water  exposing  the  dry  crown  sheet 
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,  to  the  hot  gases,  and  from  corrosion  of  the  staybolts.     Double-cylinder  I 
boilers,  such  as  the  French  elephant  boiler,  and  the  boilers  used  at  some 
American  blast  flimaces,  have  exploded  on  account  of  the  formation  of  a 
•'steam  pocket"  on  the  upi)er  portion  of  the  lower  drum,  the  steam  being 

^  prevented  from  escaping  from  out  of  the  rings  of  the  drum  by  the  lap  joint 
of  the  adjoining  ring[,  thus  making  a  layer  of  steam  about  i  inch  tnick 
against  the  shell,  which  was  directly  exposed  to  the  hot  gases. 

QuMtions  to   Bt  Asktd  Conctrning  Ntw  Boiltrs.— The   causes  mentioned 

*  above  are  only  a  few  of  the  causes  of  explosions,  but  they  are  the  principal 
ones  that  are  due  to  features  of  design.    These  features  should  be  looked  for 

^  in  any  new  style  of  boiler,  and  if  they  are  found  they  should  be  considered 
elements  of  danger.  Such  questions  as  the  following  may  be  asked:  Is  the 
method  of  suspension  of  the  boiler  such  as  to  allow  its  parts  to  be  free  to 
move  under  changes  of  temperature?  Is  the  circulation  such  as  to  keep  all 
parts  at  practically  the  same  temperature?  Is  there  a  shell  with  riveted 
seams  exposed  to  the  fire?  Is  there  a  shell  exposed  to  the  fire  that  may  at 
any  time  be  uncovered  by  water?    Is  there  a  crown  sheet  on  which  scale 

^  may  lodge?    Are  there  vertical  or  inclined  tubes  acting  as  stays  to  an  upper 

"  sheet,  the  upper  part  of  which  tubes  may  become  overheated  in  case  of 
low  water?  Are  there  any  stayed  sheets,  the  stays  of  which  are  liable  to 
become  corroded?  Is  there  any  chance  for  a  steam  pocket  to  be  formed  on  a 
sheet  that  is  exposed  to  the  fire? 

In  addition  to  the  above-mentioned  features  of  design,  which  are 
elements  of  danger,  all  boilers,  as  already  stated,  are  liable  to  explosion  due 
to  corrosion.  Internal  corrosion  is  usually  due  to  acid  feedwater,  and  all 
boilers  are  equally  liable  to  it.  External  corrosion,  however,  is  more  liable 
to  take  place  in  some  designs  of  boilers  than  others,  and  in  some  locations 
rather  than  others.  If  any  portion  of  a  boiler  is  in  a  cold  and  damp  place,  it 
is  liable  to  rust  out.  For  this  reason  the  mud-drums  of  many  modem  forms 
of  boilers  are  made  of  cast  iron,  and  resist  rusting  better  than  either  wrought 
iron  or  steel.  If  any  part  of  a  boiler,  other  than  a  part  made  of  cast  iron,  is 
liable  to  be  exposed  to  a  cold  and  damp  atmosphere,  or  covered  with  damp 
soot  or  ashes,  or  exposed  to  drip  from  irain  or  from  leaky  pipes,  and 
especially  if  such  part  is  hidden  by  brickwork  or  otherwise  so  tnat  it  can- 
not be  seen,  that  part  is  an  element  of  danger. 

Durability.— The  question  of  durability  is  partlv  covered  by  that  of  danger 
of  explosion,  which  has  already  been  discussed,  but  it  also  is  related  to  the 
question  of  incrustation  and  scale.  The  plates  and  tubes  of  a  boiler  may  be 
aestroyed  by  internal  or  external  corrosion,  but  they  may  also  be  burned 
out.  It  may  be  regarded  as  impossible  to  burn  a  plate  or  tube  of  iron  or 
steel,  no  matter  how  high  the  temperature  of  the  flame,  provided  one  side  of 
the  metal  is  covered  with  water.  If  a  steam  pocket  is  formed,  so  that  the 
water  does  not  touch  the  metal,  or  if  there  is  a  layer  of  grease  or  hard  scale, 
then  the  plate  or  tube  may  be  burned.  In  a  water  tube  that  is  horizontal,  or 
nearly  so,  and  in  which  the  circulation  of  water  is  defective,  it  is  possible  to 
form  a  mass  of  steam  that  will  drive  the  water  away  from  the  metal,  and 
thus  allow  the  tube  to  burn  out.  In  considering  the  probable  durability  of 
a  boiler,  we  may  ask  the  same  questions  as  those  that  have  been  asked 
concerning  danger  of  explosion.  There  are,  however,  many  chances  of 
burning  out  a  minor  part  of  a  boiler  without  serious  danger,  to  one  chance 
of  a  disastrous  explosion.  Thus  the  tubes  of  a  water-tube  boiler,  if  allowed 
to  become  thickly  covered  with  scale,  might  be  burned  out  again  and  again 
without  causing  any  further  destruction  at  any  one  time -than  the  rupture 
of  a  single  tube.  A  new  type  of  boiler  should  bd  questioned  in  regard  to  the 
likelihood  of  frequent  small  repairs  being  necessary,  as  well  as  in  regard  to 
its  liability  to  complete  destruction.  We  may  ask:  Is  the  circulation  through 
all  parts  of  the  boiler  such  that  the  water  cannot  be  driven  out  of  any  tube 
or  from  any  portion  of  a  plate,  so  as  to  form  a  steam  pocket  exposed  to  high 
temperature?  Are  there  proper  facilities  for  removing  the  scale  from  every 
portion  ofthe  plates  and  tubes?  .    ,         , 

Repairs.— The  questions  of  durability  and  of  repairs  are,  in  some  respects, 
related  to  each  other.  The  more  infrequent  and  the  less  extensive  the 
repairs,  the  greater  the  durability.  The  tubes  of  a  boiler,  where  corroded  or 
burnt  out,  may  be  replaced  and  made  as  good  as  new.  The  shell,  when  it 
springs  a  leak,  mav  be  patched,  and  is  then  likely  to  be  far  from  as  good  as 
new.  When  the  shell  corrodes  badly  it  must  be  replaced,  and  to  replace  the 
shell  is  the  same  as  getting  a  new  boiler.  Herein  is  the  advantage  of  the 
sectional  water-tube  Doilers.    The  sections,  or  parts  of  a  section,  may  be 
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renewed  easily,  and  made  as  good  as  new.  while  the  shell,  being  far  removed 
from  tlie  fire  and  easily  kept  dry  externally,  is  not  liable  either  to  burning 
out  or  external  corrosion.  In  considering  the  merits  of  a  new  style  of 
boiler,  -with  reference  to  repairs,  we  may  ask  whpt  parts  of  the  boiler  are 
niost  likely  to  give  out  and  need  to  be  repaired  or  replaced?  Are  these 
repairs  easily  effected,  how  long  will  they  require,  and,  after  they  are  made, 
is  tlie  laoiler  as  good  as  new? 

Facility  for  Rtmoval  of  Scale  and  for  Inspection.— These  questions  have 
already  been  discussed  to  some  extent  under  the  head  of  durability.  Some 
water-tube  boilers,  now  dead  and  eone,  were  some  years  ago  put  on  the 
market,  which  had  no  &cilities  for  the  removal  of  scale.  It  was  claimed  by 
their  promoters  that  they  did  not  need  any,  because  their  circulation  was  so 
rapid.  Every  few  years  boilers  of  these  types  are  reinvented,  and  the  same 
claim  is  made  for  them,  that  their  rapid  circulation  prevents  the  formation 
of  sG».le.  The  fact  is  that  if  there  is  scale-forming  material  in  the  water  it 
will  l>e  deposited  when  the  water  is  evaporated,  and  no  amount  or  kind  of 
circulation  will  keep  it  from  accumulating  on  every  part  of  the  boiler,  and 
in  every  kind  of  tubes,  vertical,  horizontal,  and  inclined.  I  have  seen 
Uie  nearly  vertical  circulating  tubes  of  a  water-tube  boiler,  in  which  the 
circulation  is  nine  times  as  fast  as  the  average  circulation  in  the  inclined 
tubes,  nearly  fUll  of  scale;  that  is,  a  4"  tube  had  an  opening  in  it  of  less  than 
1  in.  in  diameter.  This  was  due  to  carelessness  in  blowing  oflP  the  boiler,  or 
exceptionally  bad  feedwater,  or  both.  If  circulation  would  prevent  scaling 
at  all,  it  would  prevent  it  here. 

Water  and  Steam  Capacity.— It  is  claimed  for  some  forms  of  boilers  that 
tbey  are  better  than  others  because  they  have  a  larger  water  or  steam 
capacity.  Great  water  capacity  is  useful  where  the  demands  for  steam  are 
extremely  fluctuating,  as  in  a  rolling  mill  or  a  sugar  refinery,  where  it  is 
desirable  to  store  up  heat  in  the  water  in  the  boilers  during  the  periods  of 
tlie  least  demand,  to  be  given  out  during  periods  of  Greatest  demand.  Large 
water  capacity  is  objectionable  in  boilers  for  factones,  usually,  especially  if 
they  do  not  run  at  night,  and  the  boilers  are  cooled  down,  because  there  is  a 
large  quantity  of  water  to  be  heated  before  starting  each  morning.  If 
'•  rapid  steaming  "  or  the  ability  to  get  up  steam  quickly  from  cold  water,  or 
to  raise  the  pressure  quickly,  is  desired,  large  water  capacity  is  a  detriment. 
The  advantage  of  large  steam  capacity  is  usually  overrated.  It  is  useftil  to 
enable  the  steam  to  be  drained  from  water  before  it  escapes  into  the  steam 

1)ipe,  but  the  same  result  can  be  effected  by  means  of  a  dry  pipe,  as  in 
ocomotiye  and  marine  practice,  in  which  the  steam  space  in  tne  boiler  is 
very  small  in  proportion  to  the  horsepower.  Large  steam  space  in  the 
boiler  is  of  no  importance  for  storing  energy  or  equalizing  tne  pressure 
during  the  stroke  of  an  engine.  The  water  in  the  boiler  is  the  place  to  store 
heat,  and  if  the  steam  pipe  leading  to  an  engine  is  of  such  small  capacity 
that  it  reduces  the  pressure,  the  remedy  is  a  steam  reservoir  close  to  the 
engine  or  a  large  steam  pipe. 

Steadiness  of  Water  Level.— This  requires  either  a  large  area  of  water  sur- 
face, so  that  the  level  may  be  changed  slowly  by  fluctuations  in  the  demand 
for  steam  or  in  the  delivery  of  the  feed-pump,  or  else  constant,  and  preferably 
automatic,  regulation  of  the  feedwater  supply  to  suit  the  steam  demand. 
A  rapidly  lowering  water  level  is  apt  to  expose  drj'  sheets  or  tubes  to  the 
action  of  the  hot  gases,  and  thus  be  a  source  of  danger.  A  rapidly  rising 
level  may,  before  it  is  seen  by  the  fireman,  cause  water  to  be  carried  over' 
into  the  steam  pipe,  and  endanger  the  engine. 

Water  Ciroulation.— Positive  and  complete  circulation  of  the  water  in  a 
boiler  is  important  for  two  reasons:  (1)  To  keep  all  parts  of  the  boiler  of  a 
uniform  temi)erature,  and  (2)  to  prevent  the  adhesion  of  steam  bubbles  to 
the  surface,  which  may  cause  overheating  of  the  metal.  It  is  claimed  by 
some  manufacturers  that  the  rapid  circulation  of  water  in  their  boilers 
tends  to  make  them  more  economical  than  others.  I  have  as  yet,  however, 
to  find  any  proof  that  increased  rapidity  of  circulation  of  water  beyond 
that  usually  found  in  any  boiler  will  give  increased  economy.  We  know 
that  increased  rate  of  flow  of  air  over  radiating  surfaces  increases  the 
amount  of  heat  transmitted  through  the  surface,  but  this  is  because  by  the 
increased  circulation,  cold  air  is  continually  brought  into  contact  with 
the  surface,  making  an  increased  diffference  of  temperature  on  the  two  sides, 
which  causes  increased  transmission.  But  by  increasing  the  rapidity  of 
circulation  in  a  steam  boiler  we  cannot  vary  the  difference  of  temperature  to 
any  appreciable  extent,  for  the  water  and  the  steam  in  the  boiler  are  at 
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about  the  same  temperature  throughout.  The  ordinary  or  "  Scotch  "  form 
of  marine  boiler  shows  an  exception  to  the  general  rule  of  uniformity  of 
temperature  of  water  throughout  the  boiler,  but  the  temperature  above  the 
level  of  the  lower  fire  tubes  is  practically  uniform. 


INCRUSTATION   AND   SCALE. 

Nearly  all  waters  contain  foreign  substances  in  a  greater  or  leas  degree, 
and  though  this  may  be  a  small  amount  in  each  gallon,  it  becomes  of 
importance  where  large  quantities  are  evaporated.  For  instance,  a  100  H.  P. 
boiler  evaporates  30,000  Id.  of  water  in  10  hours,  or  390  Urns  per  month;  in 
comparativelv  pure  water  there  would  be  88  lb.  of  solid  matter  in  that 
quantity,  ana  in  many  kinds  of  spring  water  as  much  as  2,000  lb. 

The  nature  and  hardness  of  the  scale  formed  of  this  matter  will  depend 
on  the  kind  of  substances  held  in  solution  and  suspension.  Analyses  of  a 
srreat  variety  of  incrustations  show  that  carbonate  and  sulphate  of  lime 
form  the  larger  i>art  of  all  ordinary  scale,  that  f^om  carbonate  being  soft 
and  granular,  and  that  from  sulphate,  hard  and  crystalline.  Organic 
substances  in  connection  with  carbonate  of  lime  will  also  make  a  haia  and 
troublesome  scale. 

The  presence  of  scale  or  sediment  in  a  boiler  results  in  loss  of  fliel, 
burning  and  cracking  of  the  boiler,  predisposes  to  explosion,  and  leads  to 
extensive  repairs.  It  is  estimated  that  the  presence  of  Ain.  of  scale  causes 
a  loss  of  139(  of  ftiel;  i  in.,  ^\  and  \  in.,  60^.  The  Railway  Master 
Mechanics'  Association  of  the  United  States  estimates  that  the  loss  of  fhel, 
extra  repairs,  etc.,  due  to  incrustation,  amount  to  an  average  of  S750  per 
annum  for  every  locomotive  in  the  Middle  and  Western  States,  and  it  must 
be  nearly  the  same  for  the  same  power  in  stationary  boilers. 

Causts  of  Incrustation.— 

1.  Deposition  of  suspended  matter. 

2.  Deposition  of  salts  from  concentration. 

3.  Deposition  of  carbonates  of  lime  and  magnesia,  by  boiling  off  carbonic 
acid,  which  holds  them  in  solution. 

4.  Deposition  of  sulphates  of  lime,  because  sulphate  of  lime  is  soluble  in 
cold  water,  less  soluble  in  hot  water,  insoluble  above  270°  F. 

5.  Deposit  of  magnesia,  because  magnesium  salts  decompose  at  high 
temperatures. 

6.  Deposition  of  lime  soap,  iron  soap,  etc.,  formed  by  saponification  of 
grease. 

Mathod  of  Pravanting  Incrustation.— 

1.  Filtratton. 

2.  Blowing  off. 

3.  Use  of  internal  collecting  apparatus,  or  devices,  for  directing  the 
circulation. 

4.  Heating  feed  water. 

5.  Chemical  or  other  treatment  of  water  in  boiler. 

6.  Introduction  of  zinc  in  boiler. 

7.  Chemical  treatment  of  water  outside  of  boiler. 


Troublesome  Substance. 

Trouble. 

Remedy  or  Palliation. 

Sediment,  mud,  clay,  etc. 

Readily  soluble  salts. 

Blcarbonates  of  lime,  magnesia,  and  iron. 

Incrustation. 
Incrustation. 
Incrustation. 

Filtration;  blowing  off. 
Blowing  off. 

Heating  feed;   addition  of  eaostlo  soda, 
lime,  or  magnesia,  etc. 

Sulphate  of  lime. 

Incrustation. 

Addition  of  carbonate  of  soda,  barium 
chloride,  etc. 

Chloride  and  sulphate  of  mafpiesium. 
Carbonate  of  soda  in  large  amounts. 
Acid  (in  mine  water). 
Dissolved  carbonic  acid  and  oxygen. 

Corrosion. 
Priming. 
Corrosion. 
Corrosion. 

Addition  of  carbonate  soda,  etc. 
Addition  of  barium  chloride,  eto. 
Alkali. 

Heating  feed;    addition  of  can«tio  soda, 
slaked  lime,  eto. 

Corrosion. 

Slaked  lime  and  Altering.     Substitute 
mineral  oil. 

Organic  matter  (sewage). 

Priming. 

Precipitate  with  alum  or  ferrle  chloride, 
and  Alter. 

Organic  matter. 

Corrosion. 

Precipiute  with  alum  or  ferric  ohlorlde, 
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Means  of  Prevtntion.— It  Is  absolutely  essential  to  the  saccessfUl  nse  of  any 
\)oller,  except  in  pore  water,  that  it  be  accessible  for  the  removal  of  scale, 
:for  though  a  rapid  circulation  of  water  will  delay  the  deposit,  and  certain 
chemicaik  will  change  its  character,  yet  the  most  certain  cure  is  periodical 
inspeetion  and  mechanical  cleaning.  This  may,  however,  be  rendered  less 
irequently  necessary,  and  the  use  of  very  bad  water  more  practical  by  the 
employment  of  some  preventives.  The  following  are  fiUr  samples  of  those 
in  use,  with  their  results: 

M.  Bidard's  observations  show  that  "  anti-incrustators "  containing 
organic  matter  help  rather  than  hinder  incrustations,  and  are  therefore 
to  be  avoided. 

Oak,  hemlock,  and  other  barks  and  woods,  sumac,  catechu,  logwood,  etc. 
are  e£fective  in  waters  containing  carbonates  of  lime  or  magnesia,  by  reason 
of  their  tannic  acid,  but  are  injurious  to  the  iron  and  not  to  be  recom- 
mended. 

Molasses,  cane  juice,  vinegar,  A*uits,  distillery  slops,  etc.  have  been  used 
with  success  so  far  as  scale  is  concerned,  by  reason  of  the  acetic  acid  that 
the^  contain,  but  this  is  even  more  inlurious  to  the  iron  than  tannic  acid, 
while  the  organic  matter  forms  a  scale  with  sulphate  of  lime  when  it  is 
present. 

Milk  of  lime  and  metallic  zinc  have  been  used  with  success  in  wat«i 
charged  ¥dth  bicarbonate  of  lime,  reducing  the  bicarbonate  to  the  insoluble 
carbonate. 

Barium  chloride  and  milk  of  lime  are  said  to  be  used  with  good  effect  at 
Krupp's  works,  in  Prussia,  for  waters  impregnated  with  gypsum. 

Soda  ash  and  other  alkalies  are  very  useful  in  waters  containing  sulphate 
of  lime,  by  converting  it  into  a  caroonate,  and  so  forming  a  soft  scale 
easily  cleaned.  But  wnen  used  in  excess  they  cause  foaming,  particularly 
where  there  is  oil  coming  fh>m  the  engine,  with  which  they  form  soap.  All 
soapy  substances  are  objectionable  for  the  same  reason. 

Petroleum  has  been  much  used  of  late  years.  It  acts  best  in  waters  in 
which  sulphate  of  lime  predominates.  Sulphate  of  lime  is  the  injurious 
substance  in  nearly  all  mine  waters,  and  petroleum,  when  properly 
prepared,  is  a  good  preventive  of  scale  and  pitting.  Crude  petroleum 
should  not  be  used,  as  it  sometimes  helps  in  forming  a  very  injurious  scale. 
Refined  petroleum,  on  the  other  hand,  is  useless,  as  it  vaporizes  at  a 
temperature  below  that  of  boiling  water.  Therefore,  only  such  prepara- 
tions should  be  used  as  will  not  vaporize  below  500°  F. 

Tannate  of  soda  is  a  good  preparation  for  general  nse,  but  in  waters  con- 
taining much  sulphate,  it  should  be  supplemented  by  a  portion  of  carbonate 
of  soda  or  soda  ash. 

A  decoction  from  the  leaves  of  the  eucalyptus  is  found  to  work  well  in 
some  waters  in  California. 

For  muddy  water,  particularly  if  it  contain  salts  of  lime,  no  preventive  of 
incrustation  will  prevail  except  filtration,  and  in  almost  every  instance  the 
use  of  a  filter,  either  alone  or  in  connection  with  some  means  of  precipita- 
ting the  solid  matter  f^om  solution,  will  be  found  very  desirable. 

In  all  cases  where  impure  or  hard  waters  are  used,  ftequent  "blowing" 
ftom  the  mud-drum  is  necessary  to  carry  off  the  accumulated  matter, 
which  if  allowed  to  remain  would  form  scale. 

When  boilers  are  coated  with  a  hard  scale,  dlflBcult  to  remove,  it  will  be 
found  that  the  addition  of  i  lb.  caustic  soda  per  horsepower,  and  steaming 
for  some  hours,  according  to  the  thickness  of  the  scale,  just  before  cleaning, 
will  greatly  facilitate  that  operation,  rendering  the  scale  soft  and  loose. 
This  should  be  done,  if  possible,  when  the  boilers  are  not  otherwise  in  use. 


COVERING    FOR    BOILERS,  STEAM    PIPES,   ETC. 

The  losses  by  radiation  from  unclothed  pipes  and  vessels  containing 
steam  are  considerable,  and  in  the  case  of  pipes  leading  to  steam  engines,  are 
magnified  by  the  action  of  the  condensed  water  in  the  cylinder.  It  there- 
fore is  imi)ortant  that  such  pipes  should  be  well  protected.  The  following 
table  gives  the  loss  of  heat  from  steam  pipes  naked,  and  clothed  with  wool  or 
hair  felt,  of  different  thickness,  the  steam  pressure  being  assumed  at  75  lb., 
and  the  exterior  air  at  60°. 

There  is  a  wide  difference  in  the  value  of  different  substances  for  protec- 
tion fh)m  radiation,  their  values  varying  nearly  in  the  reverse  ratio  to  their 
conducting  power  for  heat,  up  to  their  ability  to  transmit  as  much  heat  a 
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the  surface  of  the  pipe  will  radiate,  after  which  they  become  detrimental, 
rather  than  useful,  as  covering.  This  point  is  reached  nearly  at  baked  clay 
or  brick. 

Table  of  Loss  of  Heat  Fsom  Steam  Pipes. 


1 

Outside  Diameter  of  Pipe,  Without  Felt. 

a 

2  In.  Diameter. 

4  In.  Diameter. 

6  In. 

Diameter. 

Bin. 

Diameter. 

IS  In 

.  Diameter. 

1 

-.1 

I 

.1 

. 

I 

,1 

i 

I 

.1 

J 

I 

^X 

I 

lu 

1 

fl 

th 

J 

1^ 

Ih 

II 

Ui 

Ih 

1 

IJ 

1 

If 

1 

If 

.2 

ft 

o 
o 

1 

1 

n 

1 

r 

o 

1 

2 

219.0 

1.00 

132 

890.8 

1.00 

75 

624.1 

1.000 

46 

m.8 

1.000 

40 

1,077.4 

1.000 

26 

100.7 

M 

288 

180.9 

.46 

160 

^ 

65.7 

.30 

441 

117.2 

.30 

247 

187.2 

.300 

154 

219.6 

.301 

132 

801.7 

.280 

92 

1 

43.8 

.20 

662 

73.9 

.18 

392 

111.0 

.178 

261 

128.3 

.176 

225 

185.8 

.172 

157 

2 

28.4 

.13 

1,020 

44.7 

.11 

648 

66.2 

.106 

438 

75.2 

.103 

385 

98.0 

.091 

294 

4 

19.8 

.09 

1,464 

28.1 

.07 

1,031 

41.2 

.066 

70S 

46.0 

.063 

630 

60.8 

.056 

486 

6 

23.4 

.06 

1,288 

33.7 

.054 

860 

34.3 

.047 

845 

45.2 

.042      642 

A  smooth  or  polished  surface  is  of  itself  a  good  protection,  polished  tin 
or  Russia  iron  having  a  ratio,  for  radiation,  of  53  to  100  for  cast  iron.  Mere 
color  makes  but  little  difference. 

Table  of  Conducting  Power  of  Various  Substances. 
{From  Ptclet.) 


Substance. 

Conducting 
Power. 

Substance. 

Conducting 
Power. 

Blottinif  DaDCr 

.274 
.314 

.323 

.418 
.523 
.531 
.563 
.636 

Wood,  across  fiber. 

Cork   

Coke,  pulverized  

India  rubber  

.83 

Eiderdown    

Cotton  or  Wool, ) 

any  density      / 

Hemp,  canvas 

Mahogany  dust  

Wood  ashes  

1.15 
1.29 
137 

Wood,  with  fiber  

Plaster  of  Paris 

1.40 
3.86 

Baked  clay 

4.83 

Straw  

Charcoal  powder  

Glass  

Stone 

6.60 
13.68 

Hair  or  wool  felt  has  the  disadvantage  of  becoming  soon  charred  from 
the  heat  of  steam  at  high  pressure,  and  sometimes  of  taking  fire  therefrom. 
This  has  led  to  a  variety  of  "cements"  for  covering  pipes— composed  gen- 
erally of  clay  mixed  with  different  substances,  as  asbestos,  paper  fiber, 
charcoal,  etc.  A  series  of  careful  experiments,  made  at  the  Massachusetts 
Institute  of  Technology  in  1871,  showed  the  condensation  of  steam  in  a  pipe 
covered  by  one  of  them,  as  compared  with  a  naked  pipe,  and  one  clotned 
with  hair  felt,  was  100  for  the  naked  pipe,  67  for  the  "cement"  covering, 
and  27  for  the  hair  felt. 

The  presence  of  sulphur  in  the  best  coverings  and  its  recognized  injurious 
effects  make  it  imperative  that  moisture  be  kept  from  the  coverings,  for, 
if  present,  it  will  surely  combine  with  the  sulphur,  thus  making  it  active. 
Stated  in  other  words,  keep  the  pipes  and  coverings  in  good  repair.  Much 
of  the  inefficiency  of  coverings  is  due  to  the  lack  of  attention  given  them; 
they  are  often  seen  hanging  loosely  from  the  pipe  which  they  are  supposed 
to  protect. 
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Table  of  Relative  Value  of  Non-Conductors. 
•        {From  Chae.  E.  Emery,  Ph.  D.) 


Non-Conductor. 

Value. 

Non-C!onductor. 

Value. 

Wool  felt                       

1.000 
.832 
.715 
.680 
.676 
.632 
,553 

Loam,  dry  and  open  

Slaked  lime  

Gas-house  carbon 

.550 

Miner&l  wool  No.  2  

Mineral  with  tar         

.480 
.470 

Sa^vdust 

Asbestos   

Coal  ashes 

.363 

■\fineTa,l  wool  No  1        

.^45 

Cliarcoal  

Coke  in  lumps  

.277 

Pine  wood  across  fiber 

Aii*  space  undivided  

.136 

Carbonate  of  ma&iiesia,  as  compared  with  wool  felt  at  1.000,  has  a  rela- 
tive value  of  .472.  This  is  determined  from  tests  by  Prof.  Ordway,  of  Boston, 
and  adjusted  to  results  shown  in  Prof.  Emery's  tests. 

'*  Mineral  wool,"  a  fibrous  material  made  from  blast-f\irnace  slag,  is  a 
good  protection,  and  is  incombustible. 

Cork  chips,  cemented  together  with  water  glass,  make  one  of  the  best 
coverings  known. 

A  cheap  jacketing  for  steam  pii>es,  but  a  very  efficient  one,  may  be 
applied  as  follows:  first,  wrap  the  pipe  in  asbestos  paper,  though  this  may 
be  dispensed  with;  then  lay  slips  of  wood  len&rthways,  trom  6  to  12,  accord- 
ing to  size  of  pipe,  binding  them  in  position  with  wire  or  cord,  and 
around  the  framework  thus  constructed  wrap  roofing  paper,  fastening  it 
bv  paste  or  twine.  For  flanged  pipe,  space  may  be  lefl  tor  access  to  the 
bblte,  which  space  should  be  filled  with  felt.  If  exposed  to  weather,  use 
tarred  paper,  or  paint  the  exterior.  A  French  plan  is  to  cover  the  surface 
with  a  rough  flour  paste,  mixed  with  sawdust  until  it  forms  a  moderately 
stiff  dough.  Apply  with  a  trowel  in  layers  of  about  i  in.  thick;  give  4  or  5 
layers  in  all.  If  iron  surfaces  are  well  cleaned  from  grease,  the  adhesion  is 
perfect.  For  copper,  first  apply  a  hot  solution  of  clay  in  water.  A  coating 
of  tar  renders  the  composition  impervious  to  the  weather. 


DATA    FOR    PROPORTIONING   AN    ECONOMIZER. 

( The  Green  Fuel  Economizer  Co.y  Matteawan,  N.  Y.) 

The  following  estimate  is  given  for  the  amount  of  heating  surface  to  be 
provid«i  in  an  economizer  to  be  used  in  connection  with  a  given  amount  of 
toilers: 

By. allowing  4  sq.  ft,  of  heating  surface  per  boiler  horsepower  (Centennial 
rating,  34i  lb.  of  water  evaporated  from  and  at  212°  =  1  H.  P.),  we  are  able 
to  raise  the  feed  water  60°  for  every  100°  reduction  in  the  temperature  enter- 
ing the  economizer  with  gases  from  450°  to  600°.  These  results  are  cor- 
roborated by  Mr.  Barrus's  tests. 

With  the  temperature  of  the  gases  entering  the  economizer  at  600°  to  700°, 
we  have  allowed  4*  to  5  sq.  ft.  of  heating  surface  per  boiler  horsepower, 
and  for  every  100°  reduction  of  gases  we  have  obtained  about  65°  rise  in 
temperature  of  the  water;  the  temperature  of  the  feedwater  entering  aver- 
aging from  60°  to  120°. 

With  5,000  sq.  ft.  of  boiler  heating  surface  (plain  cylinder  boilers)  develop- 
ing 1,000  H.  P.,  we  should  recommend  using  5  sq.  ft.  of  economizer  heating 
surface  per  B.  H.  P.,  or  an  economizer  of  about  600  tubes,  and  it  should  heat 
the  feedwater  about  300°.  

CARE   OF    BOILERS. 

1.  Safety  Valves.— Great  care  should  be  exercised  to  see  that  these  valves 
are  ample  m  size  and  in  working  order.  Overloading  or  neglect  frequently 
leads  to  the  most  disastrous  results.  Safety  valves  should  be  tried  at  least 
once  every  day,  to  see  that  they  act  freely. 

2.  Prtssurt  Gauga.— The  steam  gauge  should  stand  at  zero  when  the 
pressure  is  off,  and  it  should  show  same  pressure  as  the  safety  valve  when 
that  is  blowing  off.  If  not,  then  one  is  wrong,  and  the  gauge  should  be 
tested  by  one  known  to  be  correct. 
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3.  Wattr  Ltvel.— The  first  duty  of  an  engineer  before  starting,  or  at  the 
beginning  of  his  watch,  is  to  see  that  the  water  is  at  the  proper  heigrht.  Do 
not  rely  on  glass  gauges,  floats,  or  water  alarms,  but  try  the  gauge-cocks. 
If  they  do  not  agree  mth  water  gauge,  learn  the  cause  and  correct  It. 

4.  GaugB-cocks  and  wattr  gauges  must  be  kept  clean.  Water  gauges  should 
be  blown  out  frequently,  and  the  glasses  and  passages  to  them  kept  clean. 
The  Manchester,  England,  Boiler  Association  attributes  more  accidents  to 
inattention  to  water  gauges  than  to  all  other  causes  put  together. 

5.  Feed-Pump  or  Injector.— These  should  be  kept  in  perfect  order,  and  be 
of  ample  size.  No  make  of  pump  can  be  expected  to  be  continuously 
reliable  without  regular  and  carefUl  attention.  It  is  always  safe  to  have  two 
means  of  feeding  a  boiler.  Check-valves  and  self-acting  feed-valves  should 
be  frequently  examined  and  cleaned.  Satisfy  yourself  trequeaHj  that  the 
valve  IS  acting  when  the  feed-pump  is  at  work. 

6.  Low  Water.— In  case  of  low  water,  immedl«4«ily  cover  the  fire  with 
ashes  (wet  if  possible)  or  any  earth  that  may  be  at  hand.  If  nothing  else  is 
handy,  use  fresh  coal.  Draw  Are  as  soon  as  it  can  be  done  without  increas- 
ing the  heat.  Neither  turn  on  the  feed,  start  nor  stop  engine,  nor  lift  safety 
valve  until  fires  are  out  And  the  boiler  cooled  down. 

7.  Blistera  mid  Cracks.— These  are  liable  to  occur  in  the  best  plate  iron. 
Wben  the  first  indication  appears,  there  must  be  no  delay  in  having  it 
carefully  examined  and  properly  cared  for. 

8.  Fualbla  plugs,  when  used,  must  be  examined  when  the  boiler  Is  cleaned, 
and  careftilly  scraped  clean  on  both  the  water  and  fire  sides,  or  they  are 
liable  not  to  act. 

9.  Firing.— Fire  evenly  and  regularly,  a  little  at  a  time.  Moderately 
thick  fires  are  most  economical,  but  thin  firing  must  be  used  where  the 
draft  is  poor.  Take  care  to  keep  grates  evenly  covered,  and  allow  no  air 
holes  in  the  fire.  Do  not  "clean"  fires  oftener  than  necessary.  With 
bituminous  coal,  a  "  coking  fire,"  i.  e.,  firing  in  firont  and  shoving  back 
when  coked,  gives  best  results  if  properly  managed. 

10.  Cleaning.— All  heating  surfaces  must  be  kept  clean  outside  and  in,  or 
there  will  be  a  serious  waste  of  fUel.  The  fi-equency  of  cleaning  will  depend 
on  the  nature  of  fuel  and  water.  When  a  new  feedwater  supply  is 
introduced,  its  efffect  upon  the  boiler  should  be  closely  observed,  as  this  new 
supply  may  be  either  an  advantage  or  a  detriment  as  compared  with  the 
working  of  the  boiler  previous  to  its  introduction.  As  a  rule,  never  allow 
over  ^"  scale  or  soot  to  collect  on  surfaces  between  cleanings.  Handholes 
should  be  frequently  removed  and  surfaces  examined,  particularly  in 
case  of  a  new  boiler,  until  proper  intervals  have  been  established  by 
exnerience. 

The  exterior  of  tubes  can  be  kept  clean  by  the  use  of  blowing  pipe  and 
hose  through  openings  provided  for  that  purpose.  In  using  smoky  niel,  it  is 
best  to  occasionally  brush  the  surfaces  when  steam  is  off. 

11.  Hot  Feedwater.— Cold  water  should  never  be  fed  into  any  boiler  when 
it  can  be  avoided,  but  when  necessary  it  should  be  caused  to  mix  with  the 
heated  water  before  coming  in  contact  with  any  portion  of  the  boiler. 

12.  Foaming.— When  foaming  occurs  in  a  boiler,  checking  the  outflow  of 
steam  will  usually  stop  it.    If  caused  by  dirty  water,  blowing  down  and 

Sumping  up  will  generally  cure  it.    In  cases  of  violent  foaming,  check  the 
raft  and  flres. 

13.  Air  Leaks.— Be  sure  that  all  openings  for  admission  of  air  to  boiler  or 
flues,  except  through  the  fire,  are  carefully  stopped.  This  is  frequently  an 
unsusi)ected  cause  of  serious  waste. 

14.  Blowing  Off.— If  feedwater  is  muddy  or  salt,  blow  oflf  a  portion  fre- 
quently, according  to  condition  of  water.  Empty  the  boiler  every  week  or 
two,  and  fill  up  afresh.  When  surface  blow  cocks  are  used,  they  should  be 
often  opened  for  a  few  minutes  at  a  time.  Make  sure  no  water  is  escaping 
firom  the  blow-oflf  cock  when  it  is  supposed  to  be  closed.  Blow-olT  cocks  and 
check-valves  should  be  examined  every  time  the  boiler  is  cleaned.  Never 
empty  the  boiler  while  the  brickwork  is  hot. 

15.  Leaks.— When  leaks  are  discovered,  they  should  be  repaired  as  soon 
as  possible. 

16.  Filling  Up.— Never  pump  cold  water  into  a  hot  boiler.  Many  times 
leaks,  and,  in  shell  boilers,  serious  weaknesses,  and  sometimes  explosions 
are  the  result  of  such  an  action.  . 
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17.  Dam pnass.— Take  care  that  no  water  comes  in  contact  with  the 
Ulterior  of  the  boiler  fh>m  any  cause,  as  it  tends  to  corrode  and  weakeli 
tie  lM3iler.     Beware  of  all  dampness  in  seatings  and  covering. 

18.  Galvanic  Action.— Examine  frequently  parts  in  contact  with  copper  or 
^rass,  where  water  is  present,  for  siras  of  corrosion.  If  water  is  salt  or  acid, 
ame  metallic  zinc  placed  in  the  boiler  will  usually  prevent  corrosion,  but  it 
rill  r&eed  attention  and  renewal  from  time  to  time. 

19.  Rapid  Firing.— In  boilers  with  thick  plates  or  seams  exposed  to  the 
Ire,  steam  should  be  raised  slowly,  and  rapid  or  intense  firing  avoided. 
Vitli.  thin  water  tubes,  however,  and  adequate  water  circulation,  no  dam- 
Lge  can  come  from  that  cause. 

20.  Standinf  Unused.— If  a  boiler  is  not  required  for  some  time,  empty  and 
Iry  it  thoroughly.  If  this  is  impracticable,  fill  it  quite  ftill  of  water,  and  put 
n  a.  <mantity  of  common  washing  soda.  External  parts  exposed  to  dami>- 
:ie8s  should  receive  a  coating  of  linseed  oil. 

21.  Repair  of  Covtrings.— AH  coverings  should  be  looked  after  at  least  once 
L  year,  given  necessary  repairs,  refitted  to  the  pipe,  and  the  spaces  due  to 
sliriTikage  taken  up.  Little  can  be  expected  ftom  the  best  non-conductors  if 
tliey  are  allowed  to  become  saturated  with  water,  or  if  air-currents  are 
permitted  to  circulate  between  them  and  the  pipe. 

22.  Geatrai  CItaniinesa.— All  things  about  the  boiler  room  should  be  kept 
clean  and  in  good  order.    Negligence  tends  to  waste  and  decay. 


THICKNESS  OF  BOILER    IRON    REQUIRED   AND. PRESSURE 
ALLOWED    BY   THE    LAWS   OF  THE    UNITED    STATES. 

PSISSUBE  EQXTTVALENT  TO   THE    STANDABD   FOR    A  BOILER  42  IN.  IN  DIAM- 
ETER AND  i  In.  Thick. 


Diameter. 

Thickness. 
16th9. 

84  In. 

36  In. 

38  In. 

40  In. 

42  In. 

44  In. 

46  In. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

5 

169.9 

160.4 

152.0 

144.4 

137.5 

131.2 

125.5 

4i 

158.5 

149.7 

141.8 

134.7 

128.3 

122.5 

117.2 

4 

135.9 

128.3 

121.6 

115.5 

110.0 

105.0 

100.0 

% 

124.5 

117.6 

111.4 

105.9 

100.8 

96.2 

92.0 

113.2 

106.9 

101.3 

96.2 

91.7 

87.5 

83.0 

3 

101.9 

96.2 

91.2 

82.6 

82.5 

78.7 

75.1 

The  rule  for  finding  the  proper  sectional  area  for  the  narrowest  part  of 
the  nozzle  is  given  by  Rankine,  S.  E.,  page  477,  as  follows: 

.     .           cubic  feet  per  hour  gross  feedwater 
Area  in  square  inches  «» / 

800 1/ pressure  in  atmospheres 


Diameter  of 
Throat.    Decimals 

Delivery  in  Gallons  per  Hour  with  a  Pressure 
per  Square  Inch  of 

of  an  Inch. 

30  Lb. 

45  Lb. 

60  Lb. 

75  Lb. 

90  Lb. 

.10 
.15 
.20 
.25 

56 
127 
226 
364 
505 

69 
156 
278 
434 
624 

80 
180 
321 
502 
722 

89 
201 
360 
561 

,!t,zedbv  Goo 

98 
221 
393 
615 
1     884 

188 


BOILERS. 


Pbessube  op  Steam  at  Different  Temperatures. 
(BemUs  of  Experiments  Made  by  the  Franklin  InstitiUe.) 


Pressure. 

Tempera- 

Pressure. 

Tempera- 

Pressure. 

Tempera- 

Inches of 

ture. 

Inches  of 

ture. 

Inches  of 

ture. 

Mercury. 

Degrees  F. 

Mercury. 

Degrees  F. 

Mercury. 

Degrees  F. 

30 

212.0 

135 

298.5 

225 

331.0 

45 

235.0 

150 

304.5 

240 

336.0 

60 

250.0 

165 

310.0 

255 

340.5 

75 

264.0 

180 

315.5 

270 

345.0 

90 

275.0 

195 

321.0 

285 

349.0 

105 

284.0 

210 

326.0 

300 

352.5 

120 

291.5 

Maximum  Economy  of  Plain  Cylinder  Boilers. 

I       Pounds  of  Water  Evaporated  From  and  at  212°. 


Per  sq.  ft.  heating' 
surface    per  houri  1.70 

Per  lb.  combustible,! 
maximum  of  other  j 
boilers,  Centennial: 
tests 11.90 

Subtract  extra  radia- 
tion loss  for  cylin- 
der boilers 

Probable  maximum 
per  lb.  combus- 
tible, cylinder 
boilers 


1.32 


10.58 


2.00 

2.60 

3.50 

4.00 

4.50 

5.00 

6.00 

7.00 

12.00 

12.10 

12.a5 

12.00 

11.85 

11.70 

11.50 

J0.85 

9.80 

1.12 

.87 

.75 

.64 

.56 

.50 

.45 

.37 

.32 

10.88 

11.23 

11.30 

11.36 

11.29 

11.20 

11.05 

10.48 

9.48 

8.50 

.28 

8.22 


Scheme  for  Boiler  Test. 


1 
2 
3 
4 
5 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

22 
23 


Number  of  test  

Made  by 

Type  of  boiler 

Date  of  test 

Duration  of  test 

Dimensions  and  Proportions. 

Number  of  boilers  tested  

Diameter,  boiler    

Length,  boiler 

Width,  grate  

Length,  grate 

Number  of  tubes   

Diameter  of  tubes 

Length  of  tubes 

Total  water  heating  surface 

Total  steam  heating  surface   

Grate  surface  per  boiler 

Per  cent,  air  space  in  grate 

Ratio  water  heating  to  grate  surface 

Area  of  stack 


Height  stack  above  dead  plates 

Ratio  stack  area  to  giute  surface  

Average  Pressures. 

Atmosphere  by  barometer   

Steam  pressure  by  gauge  


Hr. 


In. 
Ft.  In. 
Ft.  In. 
Ft.  In. 

No. 

In. 
Ft.  In. 
Sq.Ft. 
Sq.  Ft. 
Sq.  Ft. 


In, 
Lb. 


V  Google 


CHIMNEYS. 


189 


Scheme  for  Boiler  Test— (Con^mued). 


26 
27 
28 
29 
30 
31 

32 
33 
34 
35 
36 
37 


39 
40 

41 
42 
43 
44 

45 
46 
47 

48 
49 
50 

51 
52 

53 
54 
55 

56 


Force  chimney  draft,  inches  water  . 
Force  blast  in  ash  pit,  inches  water.. 

Average  Temperatures. 
Of  external  air  . 
Oftireroom 
Of  steam 

Of  feedwater  before  heater 

Of  feed  water  after  heater. 

Of  stack  gases 

Fuel. 

Kind  of  coal 

Total  coal  consumed 

Moisture  in  coal 

Total  dry  coal  consumed 

Total  ash  and  refuse  

Per  cent,  ash  and  refuse  in  dry  coal 

Total  combustible  consumed 

Calorimetric  Tests. 

Per  cent,  moisture  in  steam 

Degrees  superheat  in  steam 

Water. 

Total  water  pumped  into  boiler 

Water  evaporatea  corrected  for  quality  of  steam 

Equiv.  water  evap.  to  dry  steam  from  and  at  212°  

Equiv.  water  evap.  to  dry  steam  from  and  at  212°  per  hour  . 

Economic  Evaporation. 

Water  evap.  per  lb.  dry  coal  actual  pressures  and  temp 

Equiv.  water  evap.  lb.  dry  coal  from  and  at  212° 

Equiv.  water  evap.  lb.  combustible  from  and  at  212° 

Rate  of  Combustion. 

Dry  coal  burned  per  hr.  persq.  ft.  grate  surface  

Combustible  burned  per  nr.  per  sq.  ft.  grate  surface 

Dry  coal  per  hour  per  H.  P.  developed , 

Rate  of  Evaporation. 

Water  evap.  from  and  >  Per  sq.  ft.  grate  surface  

at  212°  per  hour J  Per  sq.  ft.  heating  surface 

Commercial  Horsepower. 

I  Basis  20  lb.  water  from  100°  feed  to  70  lb.  steam  per  hour 

Horsepower  builders  rating 

Heating  surface  to  one  horsepower  developed 

Percent,  total  horsepower  due  to  feedheater 


Lb. 

Lb. 

°F. 

Lb. 
Lb. 
Lb. 
Lb. 

Lb. 
Lb. 
Lb. 

Lb. 
Lb. 
Lb. 

Lb. 
Lb. 

H.  P. 
H.  P. 

Sq.  Ft. 


CHIMNEYS. 

Chimneys  have  two  important  duties  to  perform,  the  first  being  to  carry 
off  the  waste  furnace  gases,  which  requires  size,  and  the  second,  to  produce 
a  draft  suflQcient  to  insure  the  complete  combustion  of  the  fliel,  which 
requires  height.  The  area  of  a  chimney  is  usually  made  from  f  to  -A,  as  large 
as  the  area  of  the  furnace  grates,  or  of  about  the  same  cross-section  as  the 
cross-sectional  area  of  the  flues  or  tubes;  we  have,  therefore,  a  comparatively 
simple  method  of  determining  one  of  the  required  dimensions  of  a  chimney, 
and,  when  this  is  known,  it  becomes  an  easy  matter  to  determine  the  height 
of  the  chimney  when  the  horsepower  of  the  boiler  has  been  ascertained. 

The  horsepower  of  a  boiler  being  given,  and  the  necessary  chimney  area 
having  been  determined,  the  following  rule  gives  the  required  height  that 
the  chimney  must  be  to  produce  the  necessary  draft: 

Rale. — From  9.SS  times  the  area  of  the  chimney  in  square  feet,  subtract  twice  the 
square  root  of  the  area  of  the  chimney  in  square  feet,  and  divide  the  given  horsepower 
by  the  remainder.   The  square  of  the  quotient  will  he  the  height  of  the  chimney  mfeet. 

Let  A  =  area  of  chimney; 

H  =  horsepower  of  boiler; 
h  =  height  of  chimney. 


Then, 


\Z.^A  —  2y  A/       igitizedbyCnOOgle 


190  STEAM  ENGINES. 

Example.— What  must  be  the  height  of  a  chimney  that  is  to  have  a  cro»- 
sectional  area  of  7  sq.  ft.,  and  to  supply  the  draft  for  a  141-horsepower  boiler? 

*  ^  (3.33x7-21/7)  ^  (3.33  X  7  -  (2  X  2.66))  =  *^-^ **• 

Forotd  Draft— The  use  of  forced  draft  as  a  substitute  for,  or  as  an  aid  to, 
natural  chimney  draft  Is  becoming  quite  common  in  large  boiler  plants. 
Its  advantages  are  that  it  enables  a  boiler  to  be  driyen  to  its  maTlmnm 
capacity  to  meet  emergencies  without  reference  to  the  state  of  the  weather 
or  to  the  character  of  the  coal;  that  the  draft  is  independent  of  the  tempera- 
ture of  the  chimney  gases,  and  that  therefore  lower  flue  temperatures  may 
be  used  than  with  natural  draft;  and  in  many  cases  that  it  enables  a  poorer 
quality  of  coal  to  be  used  than  is  required  with  natural  draft.  Forced  draft 
may  be  obtained:  First,  by  a  steam  jet  in  the  chimney,  as  in  locomotives  and 
steam  fire-engines;  second,  by  a  steam-jet  blower  under  the  grate  bars; 
third,  by  a  fan  blower  delivering  air  under  the  grate  bars,  the  ash-pit  doors 
being  closed;  fourth,  by  a  fan  blower  delivering  air  into  a  closed  nreroom, 
as  in  the  *'  closed  stoke-hold  "  system  used  in  some  ocean-going  vessels;  and 
fifth,  by  a  fan  placed  in  the  fine  or  chimney  drawing  the  gases  of  combustion 
from  tne  boilers,  commonly  called  the  inauced-dr^t  synem.  Which  one  of 
these  several  systems  should  be  adopted  in  any  special  case  will  usually 
depend  on  local  conditions.  The  steam  jet  has  the  advantage  of  lightness 
and  compactness  of  apparatus,  and  is  therefore  most  suitable  for  locomotives 
and  steam  fire-engines,  but  it  also  is  the  most  wasteflil  of  steam,  and  there- 
fore should  not  be  used  when  one  of  the  fan-blower  systems  is  available, 
except  for  occasional  or  temporary  use,  or  when  very  cheap  fUel,  such  as 
anthracite  culm  at  the  coal  mines,  is  used. 


STEAM  ENGINES. 

What  la  a  Good  Stoam  Engino  ?— It  should  be  as  direct  acting  as  possible; 
that  is,  the  connecting  parts  between  the  piston  and  the  crank-shait  should 
be'  few  in  number,  as  each  part  wastes  some  power.  Formerly,  beam 
engines  were  all  the  rage.  They  were  well  enough  in  their  time  for  pump- 
ing, when  the  pump  was  at  one  end  of  the  beam  and  the  piston  at  the  other. 
Few  of  our  modem  colliery  engines  have  such  an  appendage,  except  in 
some  instances  for  pumping,  and  even  for  that  kind  of  work  the  Mtter 
engines  have  no  beams.  The  moving  parts  of  an  engine  should  be  strong,  to 
refflst  strains,  and  light,  so  as  to  offer  no  undue  reostance  to  motion;  parts 
moving  upon  each  other  should  be  well  and  truly  and  smootiily  finished,  to 
reduce  resistances  to  a  minimum;  the  steam  should  get  into  the  cylinder 
easily  at  the  proper  time,  and  the  exhaust  ^ould  leave  the  cylinder  as 


exactly  and  as  easily.  The  steam  pipes  supplying  steam  should  have 
an  area  one-tenth  the  combined  areas  of  the  cylinaers  they  supply,  and 
exhaust  pipes  should  be  somewhat  larger.    The  cylinder  and  the  steam  pipes 


and  the  boiler  should  be  well  protected.    The  engine  should  be  capable  of 
being  started  and  stopped  and  reversed  easily  and  quickly. 

Rule.— 2b  find  the  indicated  horsepower  developed  by  on  engine,  muitiply 
together  the  M.  E.  P.  per  square  inch,  the  area  of  the  piston,  the  length  qf  stroke, 
arid  the  number  of  strokes  per  minute.  This  gives  the  work  per  minute  in  foot- 
pounds. Divide  the  product  by  33,000;  the  result  unit  be  the  indieeUed  horse- 
power of  the  engine. 

Let  I.  H.  P.  =  indicated  horsepower  of  engine; 

P  =  M.  E.  P.  in  pounds  per  square  inch; 
A  =  area  of  piston  in  square  inches; 
L  =  length  of  stroke  in  feet; 
N  =  number  of  strokes  per  minute. 
Then,  the  above  rule  may  be  expressed  thus: 

_PLAN 
I.  H.  P.  -  -33005-. 

The  number  of  strokes  per  minute  is  twice  the  number  of  revolutions  per 

minute.    For  example,  if  an  engine  runs  at  a  speed  of  210  revolutions  per 

minute,  it  makes  420  strokes  per  minute.    A  few  types  of  engines,  however, 

are  single  acting;  that  is,  the  steam  acts  on  only  one  side  of  the  piston. 

a  this  case,  only  1  stroke  per  revolution  does  work,  and,  consequently,  the 
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jiizmber  of  strokes  per  minute  to  be  uaed  in  the  above  rule  is  the  same  as  the 
pumber  of  revolutions  per  minute. 

Example.— The  diameter  of  the  piston  of  an  engine  is  10  in.  and  the 
length  of  stroke  15  in.  It  makes  250  revolutions  per  minute,  with  a  M.  £.  P. 
of  40  lb.  per  sq.  in.    What  is  the  horse^wer  ? 

As  it  IS  not  stated  whether  the  engine  is  single  or  double  acting,  assume 
that  it  is  double  acting.  Then,  the  number  of  strokes  is  250  X  2  =  500  per 
minute.     Hence, 

T  TT  P        P^^N      40XHX(10'X.7854)X500_ 

To  find  the  horsepower,  the  value  for  the  M.  E.  P.  must  be  substituted 

for  P  in  the  formula  I.  H.  P.  =  -— .    Reducing  the  stroke  to  feet,  and 

substituting  the  values  of  P,  X,  A,  and  N,  we  have 

46.92  X  tt  X  (18»  X  .7854)  X  (200  X  2)  ^  ^^^^  ^  p     ^^ 

l^proxlmatt  Dtttrmination  of  M.  E.  P.— To  approximately  determine  the 
M.  E.  P.  of  an  engine,  when  the  point  of  apparent  cut-offis  known  and  the 
boiler  pressure,  or  the  pressure  per  square  inch  in  the  boiler  firom  which 
the  supply  of  steam  is  obtained,  is  given: 

Rule.— ^ctd  1U.7  to  the  gauge  pressure,  and  multiply  the  result  by  the  number 
opposite  the  fraction  indicating  the  point  of  cut-off  in  thefoUounng  table.  Subtract 
17  from  the  product,  and  mumply  by  .9.  The  result  is  the  M.  E.  P.  for  good, 
simple  non-condensing  engines. 

Or,  letting  p  =  gauge  pressure; 

«  =  a  constant  (see  following  table); 
M.  E.  P.  =  mean  effective  pressure. 

Then.  M.  E.  P.  =  .9[*(p  +  14.7)  - 17]. 

Table. 


Cut-Off. 

Constant. 

Cut-Off. 

Constant. 

Cut-Off. 

Constant. 

.566 

1 

.771 

.1 

.917 

.603 

.789 

.926 

.659 

.1 

.847 

.1 

.937 

J 

.708 

.895 

.944 

i 

.743 

1 

.904 

i 

.951 

If  the  engine  is  a  simple  condensing  one,  siibtract  the  pressure  in  the 
condenser  Instead  of  17.  The  fraction  indicating  the  point  of  cut-off  is 
obtun^  by  dividing  the  distance  that  the  piston  has  traveled  when  the 
steam  is  cut  off  by  the  whole  length  of  the  stroke.  For  a  f  cut-off,  and  92  lb. 
gauge  pressure  in  the  boiler,  the  M.  E.  P.  is,  by  the  formula  just  given, 
.9[.917(fe  H-  14.7}  -  171  =  72.6  lb.  per  sq.  in. 

Example.— Find  the  approximate  1.  H.  P.  of  a  9"  X  12^'  non-condensing 
engine,  cutting  off  at  i  stroke,  and  making  240  revolutions  per  minute.  The 
boiler  pressure  is  80  lb.  gauge. 

80  + 14.7  =  94.7.  The  constant  for  i  cut-off  is  .847,  and  .847  X  boiler 
pressure  =  .847  X  94.7  =  80.21.  M.  E.  P.  =  (80.21  — 17)  X  .9  =  66.89  lb.  per 
sq.  in.    Then, 

PLAN  ^  56.89  X  If  X  (.7854  X  y)  X  240  X  2 


:  52.64  H.  P.  Ans. 


RULES  FOR  ENGINE  DRIVERS. 


If  a  gauge  glass  breaks,  turn  off  the  water  first  and  then  the  steam,  to 

)id  scaldmg  yourself. 

Don't  buy  oil  or  waste  simply  because  it  is  very  cheap;  it  will  cost  more 


avoid  scaldmg  yourself. 

Eton't  buy  oil  or  wast 

than  a  good  article  in  the  end. 
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In  cutting  rubber  for  gaskets,  etc.,  have  a  dish  of  water  handy,  and  keep 
wetting  the  Knife  blade;  it  makes  the  work  much  easier. 

Don't  forget  that  there  is  no  economy  in  employing  a  poor  fireman.  He 
can,  and  probably  will,  waste  more  coal  than  would  pay  the  wages  of  a  first- 
class  man. 

An  ordinary  steam  engine  having  two  cylinders  connected  at  right  angles 
on  the  same  shaft  consumes  one-third  more  steam  than  a  single-cylinder 
engine,  while  developing  only  the  same  amount  of  power. 

A  fusible  plug  ought  to  be  renewed  every  three  months,  by  removing  the 
old  metal  and  refilling  the  case;  and  it  should  be  scraped  clean  and  bright 
on  both  ends  every  time  that  the  boiler  is  washed  out,  to  keep  it  in  good 
working  order. 

When  you  try  a  gauge-cock,  don't  jerk  it  open  suddenly,  for  if  the  water 
happens  to  be  a  trifle  below  the  cock,  the  sudden  relief  fix)m  pressure  at  that 
point  may  cause  it  to  lift  and  flow  out,  deceiving  you  in  regard  to  its  height. 
Whereas,  if  you  open  it  quietly,  no  lift  will  occur,  and  you  ascertain  surely 
whether  there  is  water  or  steam  at  that  level. 

Always  open  steam  stop-valves  between  boilers  very  gently,  that  they 
may  heat  and  expand  gradually.  By  suddenly  turning  on  steam  a  stop- 
valve  chest  was  burst,  due  to  the  expansive  power  of  heat  unequally 
applied.  The  same  care  is  also  recommended  when  shutting  off  stop- valves. 
A  rearfhl  explosion  once  occurred  by  shutting  a  communicating  stop-valve 
too  suddenly— due  to  the  recoil. 

In  order  to  obtain  the  driest  possible  steam  from  a  boiler,  there  should  be 
an  internal  perforated  pipe  (dry  pipe,  so  called)  fixed  near  the  top  of  the 
boiler,  and  suitably  connected  to  the  steam  pipe.  The  perforations  in  this 
pipe  should  be  from  one-quarter  to  one-half  greater  in  area  than  that  of  the 
steam  pipe.  Domes  are  of  no  use  as  steam  dners;  they  only  add  a  very  little 
to  the  steam  space  of  a  boiler,  and  are  often  a  source  of  loss  by  radiation. 

If  a  glass  gauge  tube  is  too  long,  take  a  triangular  file  and  wet  it;  hold 
the  tube  in  the  left  hand,  with  the  thumb  and  forefinger  at  the  place  where 
you  wish  to  cut  it,  saw  it  quickly  and  ;iightly  two  or  three  times  with  the 
edge  of  the  file,  and  it  will  mark  the  glass.  Now  take  the  tube  in  both 
hands,  both  thumbs  being  on  the  side  opposite  the  mark,  and  an  inch  or  so 
apart,  and  then  try  to  bend  the  elass,  using  your  thumbs  as  ililcrums,  and 
it  will  break  at  the  mark,  which  has  weakened  the  tube. 

A  stiflf  charge  of  coal  all  over  a  furnace  will  lower  the  temi)erature  200° 
or  300°  in  a  very  short  time.  After  the  coal  is  well  ignited  the  temperature 
will  rise  about  500°,  and  as  it  continues  burning  will  gradually  drop  about 
200°,  until  the  fireman  puts  in  another  charge,  when  the  sudden  fall  before 
mentioned  takes  place  again.  This  sudden  contraction  and  expansion 
frequently  causes  the  bursting  of  a  boiler,  and  it  is  for  this  reason  that  light 
and  frequent  charges  of  coal,  or  else  firing  only  one-half  of  the  ftirnace  at  a 
time,  should  be  always  insisted  on. 

Be  careful  when  using  a  wrench  on  hexagonal  nuts  that  it  fits  snugly,  or 
the  edges  of  the  nut  will  soon  become  rounded. 

Be  careful  how  you  use  a  monkey  wrench,  for  if  it  is  not  placed  on  the  nut 
properly  the  strain  will  often  bend  or  fracture  the  wrench. 

The  area  of  grate  for  a  boiler  should  never  be  less  than  i  sq.  ft.  per  I.  H.  P. 
of  the  engine,  and  it  is  seldom  advisable  to  increase  this  allowance  beyond 
i  sq.  a.  per  I.  H.  P. 

The  area  of  tube  surface  for  a  boiler  should  not  be  less  than  2i  sq.  fl.  per 
I.  H.  P.  of  the  engine. 

The  ratio  of  heating  surface  to  grate  area  in  a  boiler  should  be  30  to  1  as  a 
minimum,  and  may  often  be  increased  to  40  to  1,  or  even  more,  \^ith 
advantage. 

Lap-welded  pipe  of  the  same  rated  size  has  always  the  same  outside 
diameter,  whether  common,  extra,  or  double  extra,  but  the  internal  diame- 
ter is  of  course  decreased  with  the  increased  thickness. 

A  good  cement  for  steam  and  water  joints  is  made  by  taking  10  parts,  by 
weight,  of  white  lead.  3  parts  of  black  oxide  of  manganese,  1  part  of  litharge, 
and  mixing  them  to  the  proper  consistency  with  boiled  Unseed  oil. 

To  harden  a  cutting  tool,  heat  it  in  a  coke  fire  to  a  blood-red  heat  and 
plunge  it  into  a  solution  of  salt  and  water  (1  lb.  of  salt  to  1  gal.  of  water), 
then  polish  the  tool,  heat  it  over  gas,  or  otherwise,  until  a  dark  straw  and 
purple  mixed  color  shows  on  the  polish,  and  cool  it  in  the  salt  water. 

Small  articles  can  be  plated  Mrith  brass  by  dipping  them  in  a  solution  of 
9i  gr.  each  of  sulphate  of  copper  and  chloride  of  tin,  in  IJ  pt.  of  water. 
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Don't  be  eternally  tinkering  about  your  engine,  but  let  well  enough 
alone. 

Don't  forget  that  with  a  copper  hammer  you  can  drive  a  key  Just  as  well 
as  with  a  steel  one,  and  that  it  doesn't  leave  any  marks. 

Keep  on  hand  slips  of  thin  sheet  copper,  brass,  and  tin,  to  use  as  liners, 
and  IT  you  shape  some  of  them  properly,  much  time  will  be  saved  when  you 
need  them. 

A  few  wooden  skewer  pins,  such  as  butchers  use,  are  very  useAil  for 
many  purposes  in  an  enffine  room.    Try  them. 

In  running  a  line  of  steam  pipe  where  there  are  certain  rigid  points, 
make  arrangements  for  expansion  on  the  line  between  those  points,  or  you 
will  come  to  grief. 

Arrange  the  usual  work  of  the  engine  and  firerooms  systematically,  and 
adhere  to  it.    It  pays  well. 

Don't  forget  that  cleanliness  is  next  to  godliness. 

Rubber  cloth  kept  on  hand  for  Joints  should  be  rolled  up  and  laid  away 
by  itself,  as  any  oil  or  grease  coming  in  contact  with  it  will  cause  it  to  soften 
and  give  out  when  put  to  use. 

when  using  a  Jet  condenser,  let  the  engine  make  three  or  four  revolutions 
before  opening  the  injection  valve,  and  tnen  open  it  gradually,  letting  the 
engine  make  several  more  revolutions  before  it  is  opened  to  the  Aill  amount 
required. 

Open  the  main  stop^valve  before  you  start  the  fires  under  the  boilers. 

'When  starting  fires,  don't  forget  to  close  the  gauge-cocks  and  safety  valve 
as  soon  as  steam  begins  to  form. 

An  old  Turkish  towel,  cut  in  two  lengthwise,  is  better  than  cotton  waste 
for  cleaning  brass  work. 

Always  connect  your  steam  valves  in  such  a  manner  that  the  valve 
closes  against  the  constant  steam  pressure. 

Turpentine  well  mixed  with  black  varnish  makes  a  good  coating  for  iron 
smoke  pipes. 

Ordinary  lubricating  oils  are  not  suitable  for  use  in  preventing  rust. 

You  can  make  a  hole  through  glass  by  covering  it  with  a  thin  coating  of 
wax,  warming  the  glass  and  spreading  the  wax  on  it.  Scrape  off  the  wax 
where  you  want;  the  hole,  and  drop  a  little  fluoric  acid  on  the  spot  with  a 
wire.  The  acid  Will  cut  a  hole  through  the  glass,  and  you  can  shape  the 
hole  with  a  copper  wire  covered  with  oil  and  rottenstone. 

A  mixture  of  1  oz.  of  sulphate  of  copper,  i  oz.  of  alum,  i  teaspoonfhl  of 
powdered  salt,  1  gill  of  vinegar  and  20  drops  of  nitric  acid  will  make  a  hole 
In  steel  that  is  too  hard  to  cut  or  file  easily.  Also,  if  applied  to  steel  and 
washed  o£r  quickly,  it  will  give  the  metal  a  beautifUl  frosted  appearance. 

•BLTINQ  AND   VELOCITY   OP   PULLEYS. 

Belts  should  not  be  made  tighter  than  necessary.  Over  half  the  trouble 
from  broken  pulleys,  hot  boxes,  etc.  can  be  traced  to  the  fault  of  tirfit  belts, 
while  the  machinery  wears  much  more  rapidly  than  when  loose  oelts  are 
employed. 

The  speed  of  belts  should  not  be  more  than  3,000  or  3.750  ft.  per  minute. 

The  motion  of  driving  should  run  with  and  not  against  the  laps  of  the 

Leather  belts  should  be  ran  with  the  stronger  or  flesh  side  on  the  outside 
and  the  grain  (hair)  side  on  the  inside,  nearest  the  pulley,  bo  that  the 
stronger  iSrt  of  the  oelt  may  be  subject  to  the  least  wear.  It  will  also  drive 
80^  more  than  If  ran  with  the  flesh  side  nearest  the  pulley.  The  grain  side 
adheres  better  because  it  is  smooth.    Do  not  expose  leather  belts  to  the 

When  the  length  of  a  belt  cannot  be  conveniently  ascertained  by 
measuring  around  the  pulleys  with  a  tape  line,  the  following  rule  will  be 
serviceable: 

Add  the  diameters  of  the  2  pulleys  together  and  divide  by  2;  multiply 
this  quotient  by  8t,  and  to  the  product  add  twice  the  distance  between  the 
centers  of  the  shafts;  the  sum  will  be  the  length  required. 
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COMPRESSED  AIR/ 

By  Prof.  Robert  Peele. 


An  air  compressor  consists  essentially  of  a  cylinder  in  which  atmospheric 
air  is  compressed  by  a  piston,  the  drivine  power  being  steam  or  water. 

Clatsifioation  of  Comprsstors.— Steam-dnven  compressors  in  ordinary  nse 
may  be  classed  as  follows: 

(a)  Straightrline  type,  in  which  a  single  horizontal  air  cylinder  Is  set 
tandem  with  its  steam  cylinder,  and  provided  with  two  flywheels.  This 
pattern  is  generally  adapted  for  compressors  of  small  size. 

(b)  Duplex  type,  in  which  there  are  two  steam  cylinders,  each  driving  an 
air  cylinder,  and  coupled  at  90^  to  a  crank-shaft  carrying  a  flywheel. 

(c)  Horizontal,  cross-compound  engines,  each  steam  cylinder  set  tandem 
with  an  air  cylinder,  as  in  (5). 

(d)  Vertical,  simple,  or  compound  engines,  with  the  air  cylinders  set 
above  the  steam  cyUnders. 

(e)  Compound  or  stage  compressors,  in  Which  the  air  cylinders  themselves 
are  compounded.  The  compression  is  carried  to  a  certain  point  in  one 
cylinder  and  successively  raised  and  finally  completed  to  the  desired  pres- 
sure in  the  others.  They  may  be  either  of  the  straight-line  or  duplex  Ibrm, 
with  simple  or  compound  steam  cylinders. 

Classes  (a),  (b),  Ic),  and  {e)  are  those  commonly  employed  for  mine 
service.  The  principle  of  compound  or  two-stage,  air  compression  is 
recognized  as  applicable  for  even  the  moderate  pressures  required  in 
mining,  and  the  compressors  of  class  {e)  are  frequently  employed. 

Construction  of  Compressors.— Compressors  are  usually  built  with  a  short 
stroke,  as  this  is  conducive  to  economy  in  compression  as  well  as  the  attain- 
ment of  a  proper  rotative  speed.  In  ordinary  single-stage  compressors,  the 
usual  ratio  of  length  of  stroke  to  diameter  of  steam  cylinders  is  1|  to  1  or  IJ 
to  1.  In  some  makes,  such  as  the  Rand,  the  ratio  is  considerably  greater, 
varying  from  li  to  If  to  1,  as  in  several  large  plants  built  for  the  Calumet 
&  Hecla  Mining  Co.  Many  compressors  have  length  and  diameter  of  steam 
cylinders  equal.  The  relative  diameters  of  the  air  and  steam  cylinders 
depend  on  tne  steam  pressure  carried,  and  the  air  pressure  to  be  produced. 
In  mining  operations,  there  is  usually  but  little  •  variation  in  tnese  con- 
ditions.   For  rock-drill  work,  the  air  pressure  is  generally  from  60  to  80  lb. 

In  using  water-power,  a  compressor  is  driven  most  conveniently  by  a 
bucket  impact  wheel,  such  as  the  Pelton  or  Knight.  The  waterwheel  is 
generally  mounted  directly  on  the  crank-shaft,  without  the  use  of  gearing. 
Since  the  power  developed  is  uniform  throughout  the  revolution  of  the 
wheel,  the  compressor  should  be  of  duplex  form,  in  order  to  equalize  the 
resistance  so  far  as  possible.  The  rim  or  the  wheel  is  made  extra  heavy,  to 
supply  the  place  of  a  flywheel.  When  direct-connected,  the  wheel  is  of 
relatively  larg^e  diameter,  as  its  speed  of  rotation  must  of  necessity  be  slow. 
With  small  high-speed  wheels,  the  compressor  cylinders  may  be  operated 
through  belting  or  gearing.  In  most  cases,  however,  the  waterwheel  may 
be  large  enough  to  render  gearing  unnecessary.  Impact  wheels  may  be 
employed  with  quite  small  heads  of  water,  by  introducing  multiple  nozzles. 
To  prevent  the  water  fh)m  splashing  over  the  compressor,  the  wheel  is 
enclosed  in  a  tight  iron  or  wooden  casing.  The  force  of  the  water  is  regu- 
lated usually  by  an  ordinary  gate  valve.  If  the  head  be  great,  it  may  be 
necessary  to  introduce  means  for  deflecting  the  nozzle,  so  that,  when  the 
compressor  is  to  be  stopped  suddenly,  danger  of  rupturing  the  water 
main  will  be  avoided. 

Theory  of  Air  Compression.— The  useful  effect  or  efficiency  of  a  compi^ssor  is 
the  ratio  of  the  force  stored  in  the  compressed  air  to  the  work  that  nas  been 
expended  in  compressing  it.  This  probably  never  reaches  80j(,  and  often 
falls  below  60^. 


•  See  "Ulnei  and  Minerals,"  Vols.  XIX  and  XX,  for  complete  dUcusiion  of  thU  taliiject  by  the 
kme  author. 
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Free  air  is  air  at  ordinary  atmospheric  pressure  as  taken  into  the  com- 
pressor cylinder.  As  commonly  used,  this  means  air  at  sea-level  pressure 
(14.7  lb.  per  sq.  in.)  at  60°  F. 

Tlie  absolute  pressure  of  air  is  measured  fh>m  zero,  and  is  equal  to  the 
assumed  atmospheric  pressure  plus  gauge  pressure.  Air-compression  calcu- 
lations depend  on  the  two  well-known  laws: 

1.  JBoyle's  Law.— The  temperature  being  constant,  the  volume  varies 
inversely  as  the  pressure;  orPF=P'V  =  a  constant;  in  which  V  equals 
volume  of  given  weight  of  air  at  the  freezing  point,  and  the  pressure  P;  V 
equals  the  volume  oi  the  same  weight  of  air  at  the  same  temperature  and 
under  the  pressure  F'. 

2.  Gay-Lusmx^s  Law.— The  volume  of  a  gas  under  constant  pressure,  when 
heated,  expands,  for  each  degree  of  rise  in  temperature,  by  a  constant  pro- 
portional part  of  the  volume  that  it  occupied  at  the  freezing  point;  or, 
V*  =  K  (1  +  a  t°),  in  which  a  equals  ^s  for  centigrade  degrees,  or  ^  for 
Fahrenheit  decrees. 

TbeoreticalTy,  air  may  be  compressed  in  two  ways,  as  follows: 

1.  liothermaay,  when  the  temperature  is  kept  constant  during  compres- 
sion, and  in  this  cajse,  the  formula  P  K  =  P'  V  is  true. 

2.  AdiabaHcdUyy  when  the  temperature  is  allowed  to  rise  without  check 
during  the  compression. 

Since  the  pressure  rises  &ster  than  the  volume  diminishes,  the  equation 

pf  I  I'-x* 

P  V  =  P'  V  no  longer  holds,  and  we  have  -p-  =  (  Tv  )  >  ^^  which  n  equals 
1.406.  The  specific  heat  of  air  at  constant  pressure  is  .2375,  and  at  constant 
volume  .1689,  and  n  =  '^^  =  1.406. 

In  practice,  compression  is  neither  isothermal  nor  adiabatic,  but  inter- 
mediate between  the  two.  The  values  of  n  for  different  conditions  in 
practice  are  as  follows,  as  determined  from  a  2,000-horsepower  stage  com- 
presBor  at  Quai  de  la  Gare,  Paris. 

For  pulrely  adiabatic  compression,  with  no  cooling  arrangements, 
«  =  1.406;  in  ordinary  'single-cylinder  dry  compressors,  provided  with  a 
water-jacket,  n  is  roughly  1.3;  wnile  in  the  best  wet  compressors  (with  spray 
injection),  n  becomes  1.2  to  1.25.  In  the  poorest  forms  of  compressor,  the 
value  n  =  1.4  is  closely  approached.  For  large,  well-designed  compressors 
with  compound  air  cyUnders,  the  exponent  n  may  be  as  small  as  1.15. 

Reting  of  Comprsators.— <?ompTe88or8  are  rated  as  follows:  (1)  In  terms  of 
the  horsepower  developed  by  the  steam  end  of  the  compressor,  as  shown  by 
indicator  cards  taken  when  running  at  ftill'  speed,  and  when  the  usual 
volume  of  air  is  being  consumed.-  (2)  Compressors  for  mines  are  often 
rated  roughly  as  fUmishing  sufficient  air  to  operate  a  certain  number  of  rock 
drills;  a  SK'  drill  requires  a  volume  of  air  at  60  lb.  pressure,  equal  to  100  or 
110  cu.  ft.  of  free  atmospheric  air  per  minute.  (3)  In  terms  of  cubic  feet  of 
free  air  compressed  per  minute  to  a  given  pressure. 

As  the  actual  capacity  of  A  compressor  depends  on  the  density  of  the 
intake  air,  it  will  obviously  be  reduced  in  working  at  an  altitude  above  sea 
level,  because  of  the  diminished  density  of  the  atmosphere.  The  following 
table  gives  the  percentages  of  output  at  different  elevations: 

Example.— Calculate  the  volume  of  air 
furnished  by  an  18''  X  24"  compressor  work- 
ing at  an  elevation  of  5,000  ft.  above  sea 
level,  revolving  95  times  per  minute,  and 
having  a  piston  speed  of  380  ft.  per  minute. 
98  X  3.14  =  254.3  sq.  in.  =  piston  area. 
254  % 

=— T  X  380  =  668.8  cu.  ft.  =  volume  dis- 
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placed  per  minute  by  the  piston;  deducting 
lOjf  for  loss  gives  602  cu.  ft.    At  sea  level  at 

80  lb.  gauge  pressure,  this  equals  -^  X 

602  =  95  cu.  ft.  At  an  elevation  of  5,000 
ft.,  the  output  of  a  compressor  would  be 
95  X  85ft  =  80.7  cu.  ft.  per  minute. 

Cooling. — Compressor  cylinders  may  be 
cooled  by  either  of  the  following  methods: 


Altitude. 

Atm«8pfaerio 
Presanre. 

Percentages 
of  Output 

Feet. 

Ponnds. 

at  Sea  Leyel. 

0 

14.7  • 

100.0 

1,000 

14.2 

97.2 

2,000 

13.6 

93.5 

3,000 

13.1 

90.8 

4,000 

12.7 

88.4 

5,000 

12.2 

85.0 

6,000 

11.7 

82.0 

7,000 

U.3 

79.3 

8,000 

10.9 

77.0 

9,000 

10.5 

75.0 

10,000. 

10.1 

72.0 
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(1)  by  injecting  water  Into  the  cylinder,  known  as  wet  compressors;  or  (2)  by 
jacketing  the  cylinder  in  water,  known  as  dry  compressors. 

Dry  Versus  Wet  Com  pressors. —Up  to  about  the  year  1885  there  seemed  to 
be  little  doubt  among  mechanical  engineers  that  wet  compressors  were,  on 
the  whole,  superior  to  dry,  because,  by  bringing  the  air  into  direct  contact 
with  water,  the  heat  is  most  effectually  absorbed.  This  view  is  correct,  so 
far  as  heat  loss  alone  is  concerned,  provided  the  water  in  the  cylinder  is 
properly  applied.  But  the  question  of  heat  loss  is  not  the  only  consTderation. 
Low  first  cost  and  simplicity  of  construction  are  often  more  advantageous 
than  a  close  approximation  to  isothermal  compression.  Latterly,  the  wet 
system  has  lost  ground,  owing  to  the  fact  that  moisture  is  objectionable  in 
the  air,  as  it  forms  fh)st  in  the  exhaust  ports  of  the  drills,  and  stops  them  up, 
and  probably  no  wet  compressors  are  now  being  built  in  the  United  States. 
In  Europe,  also,  dry  compressors  have  grown  m  favor,  at  least  for  mining 
plants  and  others  of  moderate  size. 


TRANSMISSION  OF  AIR  IN  PIPES. 

The  actual  discharge  capacity  of  piping  is  not  proportional  to  the  cross- 
sectional,  area  alone,  that  is,  to  the  square  of  the  diameter.  Although  the 
periphery  is  directly  proportional  to  the  diameter,  the  Interior  surface 
resistance  is  much  greater  in  a  small  pipe  than  in  a  large  one,  because,  as 
the  pipe  becomes  smaller,  the  ratio  of  perimeter  to  area  increases. 

To  jtaaa  a  given  volume  of  compressed  air,  a  1"  pipe  of  given  length  re- 
quires over  three  times  as  much  nead  as  a  2"  pipe  of  the  same  length. 
The  character  of  the  pipe,  also,  and  the  condition  of  its  inner  surface,  have 
much  to  do  with  the  friction  developed  by  the  flow  of  air.  Besides  Imper- 
fections in  the  surface  of  the  metal,  the  irre^larities  incident  on  coupung 
together  the  lengths  of  pipe  must  increase  friction.  There  are  so  few  relia- 
ble data  that  the  influences  by  which  the  values  of  some  of  the  factors  may 
be  modified  are  not  fiilly  understood;  and,  owing  to  these  uncertcdn  condi- 
tions, the  results  obtained  fh)m  formulas  are  only  approximately  correct. 

Among  the  formulas  in  common  use,  perhaps  the  most  satisfactory  is  that 
of  D' Arcy.    As  adopted  for  compressed-air  transmission,  it  takes  the  form: 

■P2) 

Wil 

in  which  D  =  volume  of  compressed  air  in  cubic  feet  per  minute  discharged 
at  final  pressure; 
c  =  coefficient  varying  with  diameter  of  pipe,  as  determined  by 

experiment; 
d  =  diameter  of  pipe  in  inches  (the  actual  diameters  of  IJ" 
and  ly  pipe  are  1.38"  and  1.61",  respectively;   the  nomi- 
nal diameters  of  all  other  sizes  may  be  taken  for  calcu- 
lations); 
I  =  length  of  pipe  in  feet; 

Pi  =  initial  gauge  pressure  in  pounds  per  square  inch; 
P2  =  final  gauge  pressure  in  pounds  per  square  inch; 
wi  =  density  of  air,  or  its  weight  in  pounds  per  cubic  foot,  at 
initial  pressure  pi. 
The  values  of  the  coefficients  c  for  sizes  of  piping  up  to  12"  are: 

r' 45.3  5" 69.0  9" 61.0 

2" 52.6  6" 59.8  10" 61.2 

3" 66.5  7" 60.3  11" 61.8 

4" 58.0  8" 60.7  12" 62.0 

Some  apparent  discrepancies  exist  for  sizes  larger  than  9",  but  they  cause 
no  very  material  differences  in  the  results. 

Another  formula,  published  by  Mr.  Frank  Richards,  is  as  follows: 


10.000  JJ^a 

in  which  H  =  head  or  difference  of  pressure  required  to  overcome  friction 
and  maintain  the  flow  of  air; 
V  =  volume  of  compressed  air  delivered  in  cubic   fest  per 

minute; 
L  —  length  of  pipe  in  feet; 
D  =  diameter  of  pipe  in  inches; 
a  =  coefficient,  depending  on  the  ^.oi^l^o^^ 
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Values  of  a  for  nominal  diameters  of  wrought-iron  pipe: 

1"  350  3"  730  8"  1.125 

U" 500  3i" 787  10" 1.200 

1*" 662  4" .840  12" 1.260 

2"  565  5"  ....^ 984 

2^' 660  6"  1.000 

The  values  of  a  for  ly  and  li"  pipe  are  not  consfstent  ■vrith  those  for 
other  gizes,  for  the  reason  stated  above.  In  using  this  formula  with  its 
constants,  the  calculated  losses  of  pressure  are  found  to  be  smaller,  and, 
oonTersely,  the  volumes  of  air  discharged  are  larger,  under  the  same  condi- 
tions, than  those  obtained  from  D'Arcy's  formula. 

It  must  be  remembered  that,  within  certain  limits,  the  loss  of  head  or 
pressure  increases  with  the  square  of  the  velocity.  To  obtain  the  best  results, 
It  is  found  in  practice  that  the  velocity  of  flow  in  the  main  air  pipes  should 
not  exceed  20  or  25  ft.  per  second.  When  the  initial  velocity  much  exceeds 
50  ft.  per  second,  the  percentage  loss  becomes  very  large;  and,  conversely, 
by  using  piping  large  enourii  to  keep  down  the  velocity,  the  friction  loss 
may  be  almost  eliminated.  For  example,  at  the  Hoosac  tunnel,  in  transmit- 
ting 875  en.  ft.  of  free  air  per  minute,  at^an  initial  pressure  of  60  lb.,  through 
an  8''  pipe,  7,150  ft.  long,  the  average  loss  including  leakage  was  only  2  id. 
A  volume  of  500  cu.  ft.  of  free  idr  per  minute,  at  75  lb.,  can  be  transmitted 
through  1,000  ft.  of  3"  pipe  with  a  loss  of  4.1  lb.,  while  if  a  5"  pipe  were  used 
the  loss  would  be  reduced  to  .24  lb.  The  velocity  of  flow  in  the  latter  case 
is  only  10  ft.  per  second. 

In  driving  the  Jeddo  mining  tunnel,  at  Ebervale,  Pa.,  two  zy  drills  were 
used  in  each  heading,  with  a  6"  main,  the  maximum  transmission  distance 
being  10,800  ft.  This  pipe  was  so  larige  in  proportion  to  the  volume  of  air 
required  fur  the  drills  (230  cu.  ft.  fk«e  air  per  minute)  that  the  loss  was 
reduced  to  an  extremely  small  quantity.  A  calculation  shows  a  loss  of 
.002  lb.,  and  the  gauges  at  each  end  of  the  main  were  found  to  record 
practically  the  same  pressure. 

A  due  regard  for  economy  in  installation,  liowever,  must  limit  the  use  of 
very  large  piping,  the  cost  of  which  should  be  considered  in  relation  to  the 
cost  of  air  compression  in  any  given  case.  Diameters  of  from  4  to  6  in.  for 
the  mains  are  large  enough  for  any  ordinary  mining  practice.  Up  to  a 
length  of  3,000  ft.,  a  4"  pipe  will  carry,  per  minute,  480  cu.  ft.  of  free  air 
compressed  to  82  lb.,  with  a  loss  of  2  lb.  pressure.  This  volume  of  air  will 
run  four  3''  drills.  Under  the  same  conditions,  a  6"  pipe,  5,000  ft.  long,  will 
carry  1<100  cu.  ft.  of  free  air  per  minute,  or  enough  for  10  drills. 

A  mistake  is  often  made  in  putting  in  branch  pipes  of  too  small  a  diam^ 
eter.  Eor  a  distance  of,  say,  100  ft.,  a  li"  pipe  Is  small  enough  for  a  single 
drill,  though  a  1"  pipe  is  frequently  used,  while  it  is,  of  course,  admissible 
'    '  '     velocity  o""       '  "         '  


to  Increase  the  velocity  of  flow  in  snort  branches  considerablv  beyond  20  ft, 
per  second,  extremes  should  be  avoided.  To  run  a  3"  drill  ih>m  a  V  pipe 
100  ft.  long,  would  require  a  velocity  of  flow  of  about  55  ft.  per  second, 
causing  a  loss  of  10  lb.  pressure. 

The  piping  for  conveying  compressed  air  may  be  of  cast  or  wrought  iron. 
If  of  wrought  iron,  as  is  customary,  the  lengths  are  connected  either  by 
sleeve  couplings  or  by  cast-iron  flanges  into  which  the  ends  of  the  pipe 
are  screwed  or  expanded.  Sleeve  couplings  are  used  for  all  except  the 
larffc  sizes.  The  smaller  sizes,  up  to  li  in.,  are  butt-welded,  while  all  from 
li  in.  up  are  lap-welded,  to  insure  the  necessary  strength.  Wrought-iron 
spiral-seam  riveted  or  spiral-weld  steel  tubing  is  sometimes  used.  It  is 
made  in  lengths  of  20  ft.,  or  less.  For  convenience  of  transport  in  remote 
regions,  rolled  sheets  in  short  lengths  may  be  had.  Thev  are  punched 
around  the  edges,  ready  for  riveting,  and  are  packed  closely— 4,  6,  or  more 
sheets  in  a  bundle. 

All  joints  in  air  mains  and  branches  should  be  carefully  made.  Air  leaks 
are  more  expenfflve  than  steam  leaks  because  of  the  losses  already  suffered 
in  compressing  the  air.  The  pipe  may  be  tested  from  time  to  time  by  allow- 
ing the  air  at  full  pressure  to  remain  in  the  pipe  long  enough  to  observe  the 
gauge.  In  case  aleak  is  indicated,  it  should  be  traced  and  stopped  imme- 
diately. In  putting  together  screw  joints,  care  should  be  taken  that  none  of 
the  white  lead  or  other  cementing  material  is  forced  into  the  pipe.  This 
would  cause  obstruction  and  increase  the  fHction  loss.  Also,  each  length  as 
put  in  place  should  be  cleaned  thoroughly  of  all  foreign  substances  that  may 
nave  lodged  inside.    To  render  the  piping  readily  accessible  for  inspection 
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and  stoppage  of  leaks,  it  should,  if  buried,  be  carried  in  boxes  sunk  just 
below  the  surfifice  of  the  ground;  or,  if  underground,  it  should  be  EU^ported 
upon  brackets  along  the  sides  of  the  mine  workings.  Low  points  in  pipe 
lines,  which  would  form  "pockets"  for  the  accumulation  of  entrained 
water,  should  be  avoided,  as  tney  obstruct  the  passage  of  the  air.  In  long 
pipe  lines,  where  a  uniform  grade  is  impracticable,  provision  may  be  made 
near  the  end  for  blowing  out  the  water  at  intervals,  when  the  air  is  to  be 
used  for  pumps,  hoists,  or  other  stationary  en^nes. 

For  long  lengths  of  piping,  expansion  joints  are  required,  particularly 
when  on  me  surface.  They  are  not  often  necessary  underground,  as  the 
temperature  is  usually  nearly  constant,  except  in  shafts,  or  where  there  may 
be  considerable  variations  of  temperature  between  summer  and  winter. 

LOSSES  IN  THE  TRANSMISSION  OP  COMPRESSED  AIR. 

By  E.  Hill,  Norwalk  Iron  Works  CJo. 

The  increasln&r  use  that  is  being  made  of  compressed-air  engines  for  mine 
and  underground  work  stimulates  the  inquiry  regarding  their  efficiency. 

The  situation  is  apparently  very  simple.  An  engine  drives  an  air  com- 
pressor, which  forces  air  into  a  reservoir.  The  air  under  pressure  is  led 
through  pipes  to  the  air  engine,  and  is  there  used  after  the  manner  of  steam. 

The  resulting  power  is  frequently  a  small  percentage  of  the  power 
expended.  In  a  large  number  of  cases  the  losses  are  due  to  poor  designing, 
and  are  not  chargeable  as  faults  of  the  system  or  even  to  poor  workmanship. 

The  losses  are  chargeable,  first,  to  friction  of  the  compressor.  This  will 
amount  ordinarily  to  15^  or  209(,  and  can  be  helped  by  good  workmanship, 
but  cannot  probably  be  reduced  below  lOji.  Second,  we  have  the  loss 
occasioned  by  pumping  the  air  of  the  engine  room,  rather  than  air  drawn 
from  a  cooler  place.  This  loss  varies  with  the  season,  and  amounts  to  from 
8^  to  10^.  This  can  all  be  saved.  The  third  loss  or  series  of  losses  arises  in 
tne  compressing  cylinder.  Insufficient  supply,  difficult  discharge,  defective 
cooling  arrangements,  poor  lubrication,  and  a  host  of  other  causes,  perplex 
the  designer  and  rob  the  owner  of  power.  The  fourth  loss  is  found  in  the 
pipe,  l^is  has  heretofore  received  by  no  means  the  consideration  that  the 
subject  demands.  The  loss  varies  with  every  different  situation,  and  is  sub- 
ject to  somewhat  complex  influences.  The  fifth  loss  is  chargeable  to  fall  of 
temperature  in  the  cylinder  of  the  air  engine.  Losses  arising  fh>m  leaks  are 
often  serious,  but  the  remedy  is  too  evident  to  require  demonstration.  No 
leak  can  be  too  small  to  require  immediate  attention.  An  attendant  who 
is  careless  about  packings  and  hose  couplings  will  permit  losses  for  which 
no  amount  of  engineering  skill  can  compensate. 

We  can  only  realize  lOOjt  efficiency  in  the  air  engjiiiie,  leaving  friction  out 
of  our  consideration,  when  the  expansion  of  the  air  and  the  cnd,n^^  of  its 
temperature  in  the  expanding  or  air-engine  cylinder  are  precisely  the 
reverse  of  the  changes  that  have  taken  place  during  the  compression  of  the 
air  in  the  compressing  cylinder.  But  these  conditions  can  never  be  realized. 
The  air  during  compression  becomes  heated,  and  during  expansion  it 
becomes  cold.  If  the  air  immediately  after  compression,  before  the  loss  of 
any  heat,  was  used  in  an  air  engine  and  there  perfectly  expanded  back  to 
atmospheric  pressure,  it  would,  on  being  exhausted,  nave  the  same  tem- 
perature it  had  before  compression,  and  its  efficiency  would  be  IQO^. 

But  the  loss  of  heat  after  compression  and  before  use  cannot  be  pre- 
vented, as  the  air  is  exposed  to  such  very  large  radiating  surfaces  in  the 
reservoir  and  pipes,  on  its  passage  to  the  air  engine.  The  heat,  which 
escapes  in  this  way,  did,  while  in  the  compressing  cylinder,  add  much  to 
the  resistance  of  the  air  to  compression,  and  since  it  is  sure  to  escape,  at 
some  time,  either  in  reservoir  or  pipes,  it  is  evidently  the  best  plan  to 
remove  it  as  fast  as  possible  from  the  cylinder,  and  thus  remove  one  element 
of  resistance.  Hence,  we  find  compressors  are  almost  universally  provided 
with  cooling  attachments  more  or  less  perfect  in  their  action,  the  aim  being 
to  secure  isothermal  compression,  or  compression  having  equal  temperature 
throughout.  Where  the  temperature  rises,  without  check,  during  com- 
pression, the  term  adiabatic  compression  is  employed. 

If  air  compressed  isothermally  is  used  with  perfect  expansion  and  the 
fall  of  temperature  during  expansion  be  prevented,  then  we  will  have  lOW 
efficiency.  But  air  will  grow  cold  on  being  expanded  in  an  engine,  ana 
hence  we  conclude  that  warming  attachments  have  the  -same  economic 
place  on  an  air  engine  that  cooling  attachments  have  on  an  air  compressor. 
In  fkct,  we  find  attachments  of  this  kind  more  particularly  in  large  and 
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perxn&nently  located  engines,  but,  for  practical  reasons,  their  use  o^  most  of 
th.e  engines  for  mine  work  is  dispensed  with,  and  the  engines  eitpand  the 
air  adlabatically,  or  without  receiving  heat. 

The  practical  engineer,  therefore,  has  to  deal  with  nearly  isothermal 
coTiii>re8sion,  and  nearly  adiabatic  expansion,  and  must  also  consider  that 
tlie  air  in  reservoirs  and  pipes  becomes  of  the  same  temperature  as  surround- 
ings objects.  Consideration  must  also  be  had  for  the  Miction  of  the  com- 
pressor and  the  air  engine.  For  the  pressure  of  60  lb.,  which  is  that  most 
commonly  used,  the  decrease  in  resistance  to  compression  secured  by  the 
cooling  attachments,  is  almost  exactly  equaled  by  the  ftiction  of  the  com- 
pressor. Hence  it  is  safe,  in  calculating  the  efficiency  of  the  air  engine,  to 
consider  the  compressor  as  being  without  cooling  attachments,  and  also  as 
working  without  Motion.  The  results  of  such  calculations  will  be  too  high 
efficiencies  for  light  pressures,  which  are  little  used;  about  correct  for  medium 
pressures,  which  are  commonly  employed;  and  too  low  for  higher  pressures, 
&zid  will  thus  have  the  advantage  of  not  being  overestimated.  This  result 
is  occasioned  by  the  fiict  that,  owing  to  the  slight  heat  in  compresstne  low 
pressures  of  air,  the  saving  of  power  by  the  cooling  attachments  is  not 
equal  to  the  friction  of  the  machine,  but  at  high  pressures,  on  account  of  the 
great  heat,  the  cooling  attachments  are  of  great  value  and  save  very  much 
more  power  than  fWction  consumes. 

In  the  expanding  engines,  the  expansion  never  falls  as  low  as  the 
adiabatic  law  would  indicate,  owing  to  a  number  of  reasons,  but  we  will 
consider  the  expansion  as  being  adiabatic,  as  an  error  in  calculations 
caused  thereby  will  be  on  the  " safe  side"  and  the  actual  power  will  exceed 
the  calculated  power.  We  therefore  consider  the  compressor  and  engine  as 
following  the  adiabatic  law  of  compression  and  expansion,  and  as  working 
without  friction. 

With  this  view  of  the  case,  the  efficiency  of  an  air  engine,  working  with 
perfect  expansion,  stated  in  percentages  of  the  power  required  to  operate 
the  compressor,  can  be  plac^  as  below  for  the  various  pressures  above  the 
atmosphere. 

Pressure  above  the  atmosphere,   2.91b.  94.85j(  efficiency. 

Pressure  above  the  atmosphere,  14.7  lb.  81.79^  efficiency. 

Pressure  above  the  atmosphere,  29.4  lb.  72.72^  efficiency. 

Pressure  above  the  atmosphere,  44.1  lb.  66.90j(  efficiency. 

Pressure  above  the  atmosphere,  58.8  lb.  62.70^  efficiency. 

Pressure  above  the  atmosphere,  73.6  lb.  59.48^  efficiency. 

Pressure  above  the  atmosphere,  88.2  lb.  56.88^  efficiency. 

We  observe  that  the  efficiencies  for  the  lower  pressures  are  very  much 

greater  than  for  the  high  pressures,  and  the  conclusion  is  almost  irresistible 

ttiat  to  secure  economical  results  we  must  design  our  air  engines  to  run 

with  light  pressures.    And,  in  fact,  the  consideration  of  tables  similar  to  the 

above,  heretofore  published  by  writers  on   this  subject,  has   led  many 

enerineers  into  grave  errors. 

The  pipe  has  oeen  entirely  neglected.  We  notice  that  a  pressure  of  2.9  lb. 
is  credited  with  an  efficiency  of  94.85?^.  It  is  clear  that  if  the  air  were 
conveyed  through  a  pipe,  and  the  length  of  the  pipe  and  the  velocity  of  flow 
were  «ich  that  2.9  lb.  pressure  was  lost  in  friction,  then  its  efficiency,  instead 
of  being  94.86^t,  would  be  absolutely  zero.  It  is,  therefore,  the  power  that 
we  can  get  ftom  the  air,  after  it  has  passed  the  pipe  and  lost  a  part  of  its 
pressure  by  friction,  which  we  must  consider  when  we  state  the  efficiency 
of  our  entire  apparatus. 

Our  table  of  efficiencies  with  a  loss  of  2.9  lb.  in  the  pipe,  now  gives  us  dif- 
ferent values  for  the  efficiencies  at  the  various  pressures. 

Pressure  above  the  atmosphere,    2.9  lb.       00.00^  efficiency. 

Pressure  above  the  atmosphere,  14.7  lb.      ^OM^  efficiency. 

Pressure  above  the  atmosphere,  ^.4  lb.       68.81?«  efficiency. 

Pressure  above  the  atmosphere,  44.1  lb.       64.87^  efficiency. 

Pressure  above  the  atmosphere,  58.8  lb.       61.48^  efficiency. 

Pressure  above  the  atmosphere,  73.5  lb.       58.62ff  efficiency. 

Pressure  above  the  atmosphere,  88.21b.       56.23^  efficiency. 

It  will  be  noticed  that  the  light  pressures  have  lost  most  by  the  pipe 

friction  2.9  lb.  having  lost  100;t:  14.7  lb.  IK,  and  88.2  lb.  only  a  trifle  over  J  of 

H     We  see  that  now  14.7  lb.  is  apparently  the  economical  pressure  to  use. 

Slit  a  flirther  careful  analysis  of  the  subject  shows,  that  when  the  loss  m  the 

pipe  is  2  9  lb.,  then  20.5  lb.  is  the  most  economical  pressure  to^use,  and  tha 
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the  efficiency  is  71^.  But  2.9  lb.  is  a  very  small  loss  between  compreaaor  and 
air  engine,  and  cases  are  extremely  exceptional  where  the  friction  9£  iralvea, 
pipes,  elbows,  ports,  etc.  does  not  £Eir  exceed  this.  Yet,  with  these  con- 
ditions, which  are  very  difficult  to  fill,  we  see  that  20.5  lb.  is  the  Ixslitest 
pressure  that  should  probably  ever  be  used  for  conveying  power,  and  tiiat 
lli  is  an  efficiency  scarcely  to  be  obtained. 

Continuing  our  investigation  and  taking  examples  where  the  pipe  fidction 
amounts  to  5.8  lb.,  we  find  the  following  efficiencies  to  correspond  t4>  the 
stated  pressure: 

Pressure  above  the  atmosphere,  14.71b.       57.14)t  efficiency. 

Pressure  above  the  atmosphere,  29.41b.       64.49^  efficiency. 

Pressure  above  the  atmosphere,  44.11b.       62.71)(  efficiency. 

Pressure  above  the  atmosphere,  58.81b.       60.12^  efficiency. 

Pressure  above  the  atmosphere,  73.51b.       57.73j(  efficiency. 

Pressure  above  the  atmosphere,  88.2  lb.  55.59)1  efficiency. 
We  again  notice  that  as  friction  increases,  or  in  other  words,  when  "we 
beg^n  to  use  more  air  and  make  greater  demands  on  the  carrying  capacity 
of  the  pipe,  then  we  must  increase  pressure  very  considerably  to  attain  the 
most  economical  results.  If  the  demands  are  such  as  to  increase  the  friction 
and  loss  in  pipe  to  14.7  lb.,  the  air  of  14.7  lb.  pressure  at  the  compressor  is 
entirely  useless  at  the  air  engine. 
The  table  will  stand  thus: 

Pressure  above  the  atmosphere,  14.71b.       00.00^  efficiency. 

Pressure  above  the  atmosphere,  29.41b.       48.53i(  efficiency. 

Pressure  above  the  atmosphere,  44.11b.       55.13^  efficiency. 

Pressure  above  the  atmosphere,  58.8  lb.       55.6^  efficiency. 

Pressure  above  the  atmosphere,  73.5  lb.       54.74)1  efficiency. 

Pressure  above  the  atmosphere,  88.21b.       53.44)(  efficiency. 
It  is  to  be  noticed  that  88.2  lb.  pressure  has  lost  only  about  ^  of  its 
efficiency  by  reason  of  as  high  a  friction  as  14.7  lb.,  while  the  efficiency  of 
the  lower  pressures  has  been  greatly  affected. 

As  the  friction  increases  we  see  that  the  most  efficient,  and,  consequently, 
most  economical,  pressure  increases.    In  fact,  for  any  given  fHction  in  a 

1>ipe,  the  pressure  at  the  compressor  must  not  be  canned  below  a  certain 
imit.  The  following  table  gives  the  lowest  prewures  that  should  be  used  at 
the  compressor,  with  varying  amounts  of  fHction  in  the  pipe: 

2.9  lb.  friction.       20.5  lb.  at  compressor.       70.92)(  efficiency. 

5.8  lb.  fWction.       29.4  lb.  at  compressor.       64.49)(  efficiency. 

8.8  lb.  Motion.       38.2  lb.  at  compressor.       60.64)(  efficiency. 

11.7  lb.  friction.       47.0  lb.  at  compressor.       57.87)(  efficiency. 

14.7  lb.  friction.       52.8  lb.  at  compressor.       55.73)1  efficiency. 

17.6  lb.  friction.       61.7  lb.  at  compressor.       53.98)1  efficiency. 

20.5  lb.  fHction.       70.5  lb.  at  compressor.       52.52)1  efficiency. 

23.5  lb.  friction.       76.4  lb.  at  compressor.       51.26)1  efficiency. 

26.4  lb.  fHction.       82.3  lb.  at  compressor.       50.17^  efficiency. 

29.4  lb.  friction.       88.2  lb.  at  compressor.       49.19)1  efficiency. 

So  long  as  the  friction  of  the  pipe  equals  the  amounts  given  above,  an 

efficiency  greater  than  the  corresponding  sums  stated  in  the  table  cannot  be 

expected.    If  we  should  have  a  case  that  corresponded  to  any  of  these  cited 

in  the  table,  we  could  only  increase  efficiency  by  reducing  the  fHction. 

An  increase  in  the  size  of  pipe  will  reduce  fHction  by  reason  of  the  lower 
velocity  of  flow  required  for  the  same  amount  of  air.  But  many  situations 
will  not  admit  of  large  pipes  being  employed,  owing  to  considerations  of 
economy  outside  of  the  question  of  fuel  or  prime  motor  capacity. 

An  increase  of  pressure  will  decrease  the  bulk  of  air  passing  the  pipe,  and 
in  that  proportion  will  decrease  its  velocity.  This  will  decrease  the  Toss  by 
friction,  and,  as  far  as  that  goes,  we  have  a  gain.  But  we  subject  ourselves 
to  a  new  loss,  and  that  is  the  diminishing  efficiencies  of  increasing  ]M-es8ures. 
Yet  as  each  cubic  foot  of  air  is  at  a  higher  pressure,  and,  therefore,  carries 
more  power,  we  will  not  need  as  many  cubic  feet  as  before  for  the  same 
work.  It  is  obvious  that  with  so  many  sources  of  gain  or  loss  the  question 
of  selecting  the  proper  pressure  is  not  to  be  decidea  hastily. 

As  an  illustration  of  the  combined  effect  of  these  different  elements,  we 
will  suppose  a  very  common  case. 

Compressor  102  revolutions,  pressure  52.8  lb.,  loss  in  pipe  14.7  lb.,  machine 
mine  running  at  38.2  lb.,  efficiency  55.73)1.      ^,^,,,,^  ^y  Google 
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So  lon^r  as^the  friction  of  the  pipe  amounts  to  14.7  lb.,  we  have  seen  that 
82.8  lb.  is  the  best  pressure  and  55.73^  the  greatest  efficiency.  We  will 
ledace  the  faction  by  reducing  the  bulk  of  air  passing  through  the  pipe.  We 
reduce  tlie  cylinder  of  the  air  engine  so  that  it  requires  47  lb.  pressure  to  do 
the  same  -work  as  before.  We  find  now  that  the  fWction  of  pipe  drops  to 
11.7  lb.  Ttie  pressure  on  the  eompresaor  rises  to  58.8  lb.,  its  number  of  revolu- 
tions falls  to  100,  and  the  resulting  efficiency  is  57.225^. 

Anotlier  change  of  pressure  on  compressor  to  64.7  lb.  would  decrease  its 
revolutioris  to  93,  friction  to  8.8  lb.,  and  efficiency  would  rise  to  67.91^.  StiU 
again  increasing  the  pressure  to  73.5  lb.,  we  have  only  84  revolutions  of  eom- 
presaor, 5.8  lb.  loss  in  pipe,  and  efficiency  of  57.73)(.  In  this  last  case  the 
efficiency  begins  to  fall  off  a  little,  and  higher  pressures  would  now 
show  less  efficiency;  but,  in  comparison  with  the  first  example,  we  find  we 
are  doing  the  same  work  in  the  mine  with  a  trifle  less  power  and  with  a 
decrease  of  nearly  20^  in  the  speed  of  the  compressor. 

Otlier  common  examples  can  be  shown  where  an  increase  of  pressure 
would  result  in  wonderful  increase  in  efficiency  and  economy.  Tnere  are 
many  cases  where  light  pressures  and  high  velocity  in  the  pipe  will  convey 
a  given  power  with  neater  economy  than  higher  air  pressures  and  lower 
s^ed  of^flow  through  the  pipe.  But  these  cases  arise  mostly  when  the 
nig:lier  air  pressures  become  very  much  greater  than  are  at  present  in  com- 
mon nse. 

Therefore,  in  estimating  the  efficiency  of  the  complete  outfit,  we  find  that 
the  pipe  and  the  pressure  are  very  important  elements,  and  must  be  deter- 
mined with  care  and  skill  to  secure  the  most  satisfactory  results.  As  the 
volume  and  power  of  air  vary  with  its  pressure,  the  size  and  consequent 
cost  of  compressor  for  a  certain  work  would  also  be  affected  by  the  pressure. 
To  plan  an  outfit  for  a  mine,  due  regard  must  be  had  to  cost  of  fliel  or  prime 
motor  power,  and  also  to  cost  of  compressor,  pipes,  and  machinery,  as  the 
saving  m  one  is  often  secured  by  a  sacrifice  in  the  other. 

Next  to  determining  the  size  of  pipe,  the  skilful  engineer  has  need  of 
ftirther  care  in  the  proper  position  or  reservoirs,  branches,  drains,  and  other 
attachments,  as  only  by  the  exercise  of  good  judgment  in  this  can  satis- 
fiictory  working  be  secured. 

The  fiict  that,  on  account  of  the  diminished  density  of  the  atmosphere  at 
high  altitudes,  air  compressors  do  not  give  the  same  results  as  at  sea  level, 
should  also  be  taken  into  consideration  when  a  compressor  is  to  be  installed 
in  a  mountainous  region. 

Friction  of  Air  in  Pipes.— Air  in  its  passage  throue^h  pix)es  is  subject  to 
fHction  in  the  same  manner  as  water  or  any  other  fluid.  The  pressure  at 
the  compressor  must  be  greater  than  at  the  point  of  consumption  in  order 
to  overcome  this  resistance.  The  power  that  is  needed  to  produce  the  extra 
pressure  representing  the  friction  of  the  pipe  is  lost,  as  there  can  be  no  use- 
ral  return  fbr  it.  The  fWction  is  affected  by  very  many  circumstances,  but 
chiefly  to  be  noted  is  the  fact  that  it  increases  in  direct  proportion  to  the 
length  of  the  pipe  and  also  as  the  square  of  the  velocity  of  the  flow  of  air. 
The  pressure  of  the  air  does  not  affect  it. 

The  losses  by  fWction  may  be  quite  serious  if  the  piping  system  is  poorly 
designed,  and,  on  the  other  hand,  extravagant  expenditure  in  pipe  may 
result  from  a  timid  overrating  of  the  evils  of  fWction.  A  thorough  knowl- 
edge of  the  laws  governing  the  whole  matter,  as  well  as  a  ripe  experience,  is 
necessary  to  secure  true  economv  and  mechanical  success. 

The  loss  of  power  in  pipe  fnction  is  not  always  the  most  serious  result. 
When  a  number  of  machines  are  in  use  in  a  mine,  and  the  pipes  are  so  small 
as  to  cause  a  considerable  loss  of  pressure  by  fi-iction,  then  there  will  be 
sudden  and  violent  fluctuations  in  pressure  whenever  a  machine  is  started 
or  stopped.  Breakages  will  be  of  common  occurrence,  as  the  changes  are  too 
quick  to  be  entirely  guarded  against  by  the  attendant.  Perfectly  even  pres- 
sure at  the  compressor  is  no  safeguard  against  this  class  of  accidents.  The 
trouble  arises  in  the  pipe,  and  the  remedy  must  be  applied  there.  A  system 
of  reservoirs  and  governing  valves  will  regulate  these  matters  and  allow 
successful  work  to  be  done  with  pipes,  which  would  otherwise  be  entirely 
inadmissible. 

The  ordinary  formulas  for  calculating  the  volume  of  air  transmitted 
through  a  pipe  do  not  take  into  account  the  increase  of  volume  due  to 
reduction  of  pressure,  i.  e..  loss  of  head.  To  transmit  a  given  volume  of  air 
at  a  uniform  velocity  and  loss  of  pressure,  it  would  be  necessary  to  construct 
the  pipe  with  a  gradually  increasing  area.    This,  of  course,  is  impracticable, 
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and  in  pipe  of  uniform  section  both  volume  and  velocity  must  increase  as 
the  pressure  is  reduced  by  frtction.  The  loss  of  head  in  properly  propor- 
tioned pipes  is  so  small,  however,  that  in  practice  the  increase  in  volume  is 
usually  neglected. 

Loss  OF  Pressure  in  Pounds  per  Square  Inch,  by  Flow  op  Air  in  Pipes. 

Calculated  for  pipes  1,000  ft.  long;  for  other  lengths,  the  loss  varies  directly 
as  the  length. 
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The  resistance  is  not  varied  by  the  pressure,  only  so  far  as  changes  in 
pressure  vary  the  velocity.  It  increases  about  as  the  square  of  the  velocity, 
and  directly  as  the  length. 

Elbows,  short  turns,  and  leaks  in  pipes  all  tend  to  reduce  the  pressure  in 
addition  to  the  losses  given  in  the  table.  dj  ^.g^  ^  GooqIc 
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Table  of  Loss  by  Friction  in  Elbows. 

An  ell>o\v^  with  a  radius  of  one-half  the  diameter  of  the  pipe  is  as  short 
LS  can.  l>e  made. 

Radius  of  elbow,  5  diams.  £quiyalent  length  of  stmii^'ht  pipe,     t.85  diams. 

Radius  of  elbow,  3  diams.  Equivalentlengthof  stmij^ht  pipe,     8.24  diams. 

rladius  of  elbow,  2  diams.  Equivalent  length  of  stmi^'ht  pipe,     9.03  diams. 

EUidius  of  elbow,  1*  diams.  Equivalent  length  of  st  ra  i  L,'ht  pipe,   10.36  diams. 

[ladiTis  of  elbow,  li  diams.  Equivalent  length  of  stra  i  Lfht  pipe,    12.72  diams. 

Kadius  of  elbow,  1   diam.  Equivalent  length  of  stmiirht  pipe,    17.51  diams. 

Kadius  of  elbow,   |  diam.  Equivalent  length  of  straiLrht  pipe,   35.09  diams. 

Radius  of  elbow,    i  diam.  Equivalent  length  of  straiirht  pipe,  121.20  diams. 
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PRACTIQAL  UNITS. 

In  electrical  work  it  is  necessary  to  have  units  in  terms  of  which  to 
express  the  different  quantities  entering  into  calculations.  The  four  most 
important  of  these  are  used  to  express  strength  c/  current;  electrical  pressure^ 
or  dectromoHve  force;  resistance;  power. 

Tlie  strongth  of  currant  flowing  in  a  wire  may  be  measured  in  several 
ways.    If  a  compass  needle  be  held  under  or  over  a  wire,  it  will  be  deflected 
and  ^will  tend  to  stand  at  right  angles  to  the  w^ire.    The  stronger  the  current, 
the  greater  the  deflection  of  the  needle.    If  the  wire  carrying  the  current  be 
cut  and  the  ends  dipped  into  a  solution  of  silver  nitrate,  silver  will  be 
deposited  on  the  end  of  the  wire  toward  which  the  current  is  flowing,  and 
the  amount  of  silver  deposited  in  a  given  time  will  be  directly  proportional 
to  the  average  strengtn  of  current  flowing  during  that  time.    When  the 
current  flowing  In  a  wire  is  spoken  of,  the  strength  of  the  current  is  meant. 
Unit  Strtngtli  of  Corront— The  unit  used  to  express  the  strength  of  a  cur- 
rent is  called  the  omptro.    If  a  current  of  1  ampere  be  sent  through  a  bath 
of  silver  nitrate,  .001118  gram  of  silver  will  1)e  deposited  per  sepond.    The 
expression  of  the  flow  of  current  through  a  wire  as  so  many,  amperes  is 
analogous  to  the  exi»«ssion  of  the  flow  of  water  through  a  pipe  as  so  many 
gallons  per  second. 

Eitctromothro  Forcn. — In  order  that  a  current  may  flow  through  a  wire, 
there  must  be  an  electrical  pressure  of  some  kind  to  cause  the  flow.  In 
hydraulics,  there  must  always  be  a  head  or  pressure  before  water  can  be 
made  to  flow  through  a  pipe.  It  is  also  evident  that  there  may  be  a  pressure 
or  head  without  there  being  any  flow  of  water,  because  the  opening  in  the 
pipe  might  be  closed;  the  pressure  would,  however,  exist,  and,  as  soon  as 
the  valve  closing  the  pipe  was  opened,  the  current  would  flow.  In  the 
same  way,  an  electrical  pressure  or  electromotive  force  (usually  written 
E.  M.  F.)  may  exist  in  a  circuit,  but  no  current  can  flow  until  the  circuit  is 
closed  or  until  the  wire  is  connected  so  that  there  will  be  a  path  for  the 
current. 

Unit  Eiectromotivo  Foroo  (E.  H.  F.).— The  practical  unit  of  electromotive 
force  is  the  volt.  It  is  the  unit  of  electrical  pressure,  and  ftilfils  somewhat 
the  same  purpose  as  "pounds  per  square  inch"  in  hydraulic  and  steam 
engineering.  The  E.  M.  F.  flimished  by  an  ordinarycell  of  a  battery  usually 
varies  from  .7  to  2  volts.    A  Daniell  cell  gives  an  E.  M.  F.  of  1.072  volts.    A 

Sressure  of  500  volts  is  generally  used  for^rtreet-railway  work,  and,  for  incan- 
escent  lighting,  110  volts  is  common. 

Rosistsnce. — All  conductors  offer  more  or  less  resistance  to  the  flow  Of  a 
current  of  electricity,  just  as  water  encounters  fWction  in  passins:  through  a 

Sipe.    The  amount  of  this  resistance  depends  on  the  length  of  tne  wire,  the 
iameter  of  the  wire,  and  the  material  of  which  the  wire  is  composed.    The 
resistance  of  all  metals  also  increases  with  the  temperature. 

Unit  of  Roslsttnot.— The  practical  unit  of  resistance  is  the  ohm.  A  con- 
ductor has  a  resistance  of  1  ohm  when  the  pressure  required  to  set  up 
1  ampere  through  it  is  1  volt.  In  other  words,  the  drop,  or  fall,  in  pressure 
through  a  resistance  of  1  ohm,  when  a  current  of  1  ampere  is  flowing, 
is  1  volt.  1,000  ft.  of  copper  wire  .1  in.  in  diameter  has  a  resistance  of 
nearly  1  ohm  at  ordinary  temperatures.  o 
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Obm't  Law.— The  law  governing  the  flow  of  current  in  an  electric  circuit 
was  first  stated  by  Dr.  G.  S.  Ohm,  and  is  known  as  Ohm's  law.  This  law  has 
since  stood  the  test  of  exhaustive  experiment,  and  has  been  found  correct. 
Ohm's  law  may  be  briefly  stated  as  follows :  The  strength  of  the  current  t« 
any  circuit  is  directly  prcmortional  to  the  electromotive  force  in  the  circuit,  and 
inversely  proportional  to  the  resittancc  0/  the  circuit. 

This  means  that  if  the  resistance  of  a  circuit  were  fixed,  and  the  E.  M.  F. 
varied,  the  current  would  be  doubled  if  the  E.  M.F.  were  doubled.  Also,  if 
the  £.  M.  F.  were  fixed,  and  the  resistance  doubled,  the  current  would  be 
halved. 

Let  E  =  electromotive  force  in  volts; 

M  =s  resistance  in  ohms; 
C  =  current  in  amperes. 

Then,  C  =  ^,  or  if  =  -r„  or  ^  =  CB. 

The  last  two  forms  are  useful  in  many  cases  where  the  usual  form 

C  =  -5  is  not  directly  applicable. 

Example.— A  dynamo  D  which  generates  110  volts,  is  connected  to  a  coil 
of  wire  C,  Fig.  1,  which  has  a  resistance  of  20  ohms;  what  current  will 
flow,  supposing  the  resistance  of  the  rest  of  the  circuit  to  be  negligible? 

We  have  E  =  110  volts;  It  =  20  ohms;  hence,  C  =  -^jt-  =  5.6  amperes. 

A  problem  might  also  be  given  as  follows:  The  resistance  of  the  coil  C  is 
6  ohms;  what  E.  M.  F.  muat  the  dynamo  gen- 
erate in  order  to  set  up  a  current  of  15  amperes 
through  it?    Th^  third  form  of  the  law  given 
\  -mm-s  «A  IT  i«.  F^^    above  is  more  convenient  in  this  case. 
)*^JO  »'o'«»  B^  £  =  CB;  £  =  16X  6  =  90  volts. 

^^?        In  case  the  current  and  E.  M.  F.  are  known, 
the  resistance  of  the  circuit  may  be  calculated 


Fig.  1.  by  using  the  second  form  of  the  law  given  above. 

For  example,  if  the  current  in  the  above  case 
were  a  amperes  and  the  E.  M.  F.  of  the  dynamo  110  volts,  the  resistauce  of 
the  circuit  must  be 

B  =  =i;  B  =  ^  =  13.75  ohms. 

Electrfoai  Powtr.— The  electrical  power  expended  in  any  circuit  is  found 
by  multiplying  the  current  flowing  in  the  circuit  by  the  pressure  required 
to  force  tne  current  through  the  circuit.  In  other  words,  TV  =  E  C",  where 
W  is  the  power  expended,  E  is  the  E.  M.  P.,  and  C  is  the  current.  When  E 
is  expressed  in  vofts  and  Cin  amperes,  then  W  is  expressed  In  watts.  The 
wstt  is  the  unit  of  electrical  power,  and  is  equal  to  the  power  developed 
when  1  ampere  flows  under  a  pressure  of  1  volt.  The  watt  is  equal  to  rin 
horsepower.    We  have,  then,  the  following  general  relations: 

Let  E  =  electromotive  force  in  volts; 

C  =  current  in  amperes; 
B  =  resistance  in  ohms; 
W  =  power  in  watts; ' 
H.  P.  =  horsepower. 

Then,  TT  =  ^  C,  but  ^  =  C  B;  hence,  W  =  C^  B.  That  is,  the  power  in 
watts  expended  in  any  conductor  c^vhich  the  resistance  is  i?,  and  through 
which  a  current  C  is  flowing,  is  eqtml  to  the  product  of  the  squares  of  the 
current  and  the  resistance.  The  enerey  used  in  forcing  a  current  through 
the  wire  reappears  in  the  form  of  heat;  nence,  we  may  say  that  the  heating 
efl'ect  of  a  current  flowing  in  a  conductor  is  proportional  to  the  square  of  the 
current.    From  the  preceding,  we  also  have 

H  P    -  ^-^  =  -^ 
746         746' 

This  relation  is  very  useful  for  calculating  power  in  terms  of  electrical 
units.  The  watt  is  too  small  a  unit  for  convenient  use  in  many  cases,  so 
"^at  the  kilowatt,  or  1,000  watts,  is  frequently  used.    This  is  sometimes 

breviated  to  K.W.  ^         , 
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The  Unit  of  Work  Is  the  Watt-Hour— This  is  the  total  work  done  when  1  watt 
is  exi)ended  for  1  hour.  For  example,  if  a  current  of  1  ampere  were  made 
fiow  for  1  hour  J;hrough  a  resistance  of  1  ohm,  the  total  amount  of  work  done 
Mrould  be  1  watt-hour.  A  kilowatt-hour  is  the  total  work  done  when  1  kilo- 
i?vatt  is  expended  for  1  hour.  It  is  about  equivalent  to  U  horsepower  for 
1  bour. 

Example.— In  the  case  shown  in  Fig.  1,  calculate  the  number  of  watts 
erxpended  in  the  coil  C. 

The  pressure  is  110  volts  and  the  current  is  5.5  amperes;  hence, 
IT  =  i;  X  C  =  no  X  5.5  =  606  watts. 

The  same  result  might  have  been  obtained  trom.  the  formula, 
W=  C*n  =  (5.5)«  X  20  =  605  watts. 

The  horsepower  expended  would  be 

746  ~  746  -  •^^• 
Example.— The  current  supplied  to  an  electric  motor  is  120  amperes  and 
the  pressure  between  the  mains  is  220  volts.    What  is  the  power  supplied  in 
kilowatts  ?    What  is  the  horsepower  supplied  ? 

Tr=i;xC=220X120  =  26,400  watts  =  26.4  K.W. 


CIRCUITS. 

The  path  through  which  a  current  flows  is  generally  spoken  of  as  an 

eleotrio  circuit.  This  path  may  be  made  up  of  a  number  of  different  parts.  For 

example,  the  line  ^vlres  may  constitute  part  of  the  circuit,  and  the  remainder 

may  be  composed  of  lamps,  motors,  resistances,  etc.    In  practice,  the  two 
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Fig.  2. 

kinds  of  circuits  most  commonly  met  with  are  (1)  those  in  which  the  dif- 
ferent parts  of  the  circuit  are  connected  in  series;  (2)  those  in  which  the 
different  parts  of  the  circuit  are  connected  in  multiple  or  parallel. 

1.    Series  Circuits.— In  this  kind  of  circuit,  all  the  component  i)arts  are  con 
nected  in  tandem,  so  that  the  current  flowing  through  one  part  also  flowj 
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through  the  other  parts.  Fis.  2  (a)  represents  such  a  circuit  made  up  of  a 
different  number  orparts.  The  current  leaves  the  d3mamo  D  at  the  +  side 
and  flows  through  the  arc  lamps  a  a  a  a,  thence  through  the  incandescent 
lamps  1 1 1,  thence  through  the  motor  m  and  resistance  r,  back  to  the  dynamo, 
thus  making  a  complete  circuit.  All  these  different  parts  are  here  connected 
in  series,  so  that  the  current  flowing  through  each  of  the  parts  must  be  the 
same  uuless  leakage  takes  place  across  from  one  side  of  the  circuit  to  the 
other,  and  this  would  be  impossible  if  the  lines  were  properly  insulated. 
The  pressure  fUrnished  by  the  dynamo  must  evidently  be  the  sum  of  the 
pressures  required  to  force  the  current  through  the  different  parts.  The 
most  common  use  of  this  system  is  in  connection  with  arc  lamps.  These 
lamps  are  usually  connected  in  series,  as  shown  in  Fig.  2  (b).  The  objections 
to  this  system  of  distribution  for  general  work  are  that  the  breaking  of  the 
circuit  at  any  point  cuts  off  the  current  fh>m  all  parts  of  the  circuit;  also, 
the  pressure  generated  by  the  dynamo  has  to  be  very  high  if  many  pieces  of 
apparatus  are  connected  in  series.  In  such  a  system,  the  dynamo  is  pro- 
vided with  an  automatic  regulator  that  increases  or  decreases  the  voltage  of 
the  machine,  so  that  the  current  in  the  circuit  is  kept  constant,  no  matter 
how  many  lamps  or  other  devices  are  in  operation.  For  this  reason,  such 
circuits  are  often  spoken  of  as  constant-current  circuits. 

2.  Parsllel  Circuits.— In  this  type  of  circuit,  the  different  pieces  of  appa- 
ratus are  connected  side  by  side,  or  in  parallel,  across  the  main  wires  n^m 
the  dynamo,  as  shown  in  Fig.  2  (c).  In  this  case,  the  dynamo  2>  supplies 
current  through  the  mains  to  the  arc  lamps  a,  incandescent  lamps  Z,  and 
motor  m.  This  system  is  more  widely  used,  and  it  will  be  seen  at  once  from 
the  flgure  that  the  breaking  of  the  circuit  through  any  one  piece  of  apparatus 
will  not  prevent  the  current  fh)m  flowing  through  me  other  parts.  Incan- 
descent lamps  are  connected  in  this  way  almost  exclusively.  The  lamps  are 
connected  directly  across  the  mains,  as  shown  in  Fig.  2  (d).  Street  cars  and 
mining. locomotives  are  operated  in  the  same  way,  the  trolley  wire  consti- 
tuting one  main  and  the  track  the  other,  as  shown  in  Fig.  2(e).  By  adopting 
this  system,  any  car  can  move  indei)endently  of  the  others,  and  tne  current 
may  be  turned  off  and  on  at  will.  In  all  these  systems  of  parallel  distribu- 
tion, the  pressure  generated  by  the  dynamo  is  maintained  constant,  no  matter 
what  current  the  dynamo  may  be  delivering.  For  example,  in  the  lamp 
system,  Fig.  2  (d),  the  dynamo  would  maintain  a  constant  E.  M.  F.  of  110 
volts.    Each  lamp  has  a  fixed  resistance,  and  will  take  a  certain  current 

[  -^  amperes  j  when  connected  across  the  mains.    As  the  lamps  are  turned 

on,  the  current  delivered  by  the  dynamo  increases,  the  pressure  reihaining^ 
constant.  In  street-railway  work,  the  pressure  between  trolley  and  track  is 
kept  in  the  neighborhood  of  500  volts,  the  current  varying  witn  the  number 
of  cars  in  operation.  In  mine-haulage  plants,  the  pressure  is  usually  250  or 
500  volts,  the  former  being  generally  preferred  as  being  less  dangerous. 
Lamps  may  also  be  connected  in  series  multiple,  as  shown  in  Fig.  2  (c). 
Here  the  two  125- volt  lamps  II  are  connected  m  series  across  the  250-voit 
circuit.  Such  an  arrangement  is  fl^quently  used  in  mines  when  lamiM  are 
operated  ftom  the  haulage  circuit. 

Such  circuits  as  those  just  described  are  called  constant-potential  or  con- 
stant-^essure  circuits,  to  distinguish  them  from  the  constant-current  circuit 
mentioned  previously. 

RESISTANCES    IN    SERIES   AND    MULTIPLE. 

Resistances  in  Lines.— If  two  or  more  resistances  are  connected  in  series. 
Fig.  2  (/),  their  total  combined  reiiitance  is  equal  to  the  sum  of  their  sepa- 
rate resistances.  If  E  equal  total  combined  resistance,  and  i^i,  JBt,  -Rg  are  me 
separate  resistances  connected  in  series,  then,  R  =  i2i  +  -R2  +  -Rs. 

Example. — If  the  separate  resistances  were  -Ri  =  10  ohms,  JKj  =  1  ohm, 
and  iZs  =  30  ohms,  then  these  three  combined  would  be  equivalent  to  a 
single  resistance  of  10  + 1  -f  30  =  41  ohms. 

Resistsnces  in  Parsllel.— If  a  number  of  resistances  are  connected  in 
parallel,  the  reciprocal  of  their  total  combined  resistance  is  eaual  to  the 
sum  of  the  reciprocals  of  the  separate  resistances.  In  Fig.  2  (.g),  three  resist- 
ances are  shown  connected  in  parallel.  It  is  evident  that  the  total  resistance 
of  such  a  combination  must  oe  lower  than  that  of  the  lowest  resistance 
entering  into  the  combination,    If  the  resistances  in  this  case  were  all  equal, 
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the  resistanoe  of  the  three  combined  would  be  one-third  the  resistance  of 
ene  of  th.ein,  because  a  current  passing  through  the  three  combined  could 

Slit  up  between  three  equal  patns,  Instead  of  naving  only  one  path  to  pass 
rough.     If  R  represents  the  combined  resistance,  and  Ri,  R^,  and  Rs  the 
separate  resistances,  the  following  relation  is  true: 

R       Ri      R^      R% 

RiRi  +  Ri  Ri  -^  Ri  Rt 
If  the  three  resistances  were  all  equal,  we  would  have  -„  =  „-,  or  iZ  =  —-. 

K        K\  o 

Example.— Three  resistances  of  3, 10,  and  5  ohms  are  connected  in  par- 
allel.   What  is  their  combined  resistance?    We  have 

1        1.1.1        T,  150  150      ,  ^,  ^ 

]B  =  8+10+ 5'^'*  =  50-H5  +  30  =   %  =  ^'^^^'^- 
Shvnt.— When  one  circuit  B,  Fig.  2  (A),  is  connected  across  another  A,  so 
as  to  form,  as  it  were,  a  by-pass,  or  side  track,  for  the  current,  such  a  circuit 
is  called  a  shunt,  or  it  is  said  to  be  in  shunt  with  the  other  circuit. 


ELECTRIC    WIRING  (OONDUOTORS). 

Materials.— Practically  all  conductors  used  in  electric  lighting  or  power 
work  are  of  copper,  this  metal  being  used  on  account  of  its  low  resistance. 
Iron  wire  is  used  to  some  extent  for  conductors  in  telegraph  lines,  and  steel 
is  largely  used  as  the  return  conductor  in  electric-railway  or  haulage  plants 
where  the  current  is  led  back  to  the  power  station  through  the  rails.  The 
resistance  of  iron  or  steel  varies  fh>m  six  to  seven  times  that  of  copper, 
depending  on  the  quality  of  the  metal.  Aluminum  is  coming  into  use  as  a 
material  for  conductors,  and  in  fhture  may  play  an  important  part  in  electric 
transmission.  It  is  so  much  lighter  than  copper  that  it  is  able  to  compete 
with  it  as  a  conductor,  even  though  its  cost  per  ix)und  is  high^  and  its 
conductivity  only  about  60^  that  of  copper. 

Forms  of  Conductors.— Most  of  the  conductors  used  are  in  the  form  of 
copper  wire  of  circular  cross-section.  Conductors  of  large  cross-section  are 
made  up  of  a  number  of  titrands  of  smaller  wire  twisted  together.  For 
electrolytic  plants,  copper-reflnlng  plants,  etc.,  copper  bars  of  rectangular 
cross-section  are  frequently  used. 

Wire  Cauge.— The  eauge  most  generally  used  in  America  to  designate 
the  diflPferent  sizes  of  copper  wire  is  the  America^,  or  Brown  &  Sharpe 
(B.  &,  S.).  The  sizes  as  given  by  this  gauge  range  from  No.  0000,  the 
largest,  .460  in.  diameter,  to  No.  40,  the  finest,  .003  in.  diameter.  Wire 
drawn  to  the  sizes  given  by  this  gauge  is  always  more  readily  obtained 
than  sizes  according  to  other  eauges;  hence,  in  selecting  line  wire  for 
any  purpose  It  is  always  desirable,  if  possible,  to  give  the  size  required  as 


a  wire  of  the  B.  &  S.  gauge.  A  wire  can  usually  be  selected  from  this  gauge, 
which  will  be  very  nearly  that  reauired  for  any  specified  case. 

Estimation  of  Cross-Seotion  of  Wires.— The  diameter  of  round  wires  is 
usually  given  in  the  tables  in  decimals  of  an  inch,  and  the  area  oj  cross- 
section  is  given  in  terms  of  a  unit  called  a  circular  mil.  This  is  done  simply 
for  convenience  in  calculation,  as  it  makes  calculations  of  the  cross-section 
much  simpler  than  if  the  square  inch  were  used  as  the  unit  area.  A  mil 
is  y^  of  an  inch,  or  .001  in.  A  circular  mil  is  the  area  (in  decimals  of  a 
square  inch)  of  a  circle,  the  diameter  of  which  Is  yi^^  in.,  or  1  mil.    The 

circular  mil  is  therefore  equal  to  ^  (.001)«  =  .0000007854  sq.  in. 

4 

If  the  diameter  of  the  conductor  were  1  in.,  its  area  would  be  .7854  sq.  in., 

7854 
and  the  number  of  circular  mils  in  its  area  would  be  -Qjwwjyori  =  1,000,000; 

but  1  in.  =  1,000  mils,  and  (1,000)*  =  1,000,000;  hence  the  following  is  true: 
CM  =  d*;  or  the  area  of  crosR-secUon  of  a  wire  in  circular  mils  is  equal  to  the 
square  of  its  diameter  expressed  in  mils. 

Example. — ^A  wire  has  a  diameter  of  .101  in.  What  is  its  area  in  circular 
mils?  _ 

.101  in.  =  101  mils.    Hence,  CM  =  (101)«  =  10,201.   GooqIc 
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The  following  table  gives  the  dimensions,  weight,  and  resistance  of  pure 
copper  wire.  The  weights  given  are,  of  course,  for  bare  wire.  The  first 
column  gives  the  B.  &  S.  gauge  number,  the  second  the  diameter  in  mils. 
The  diameter  in  inches  would  be  the  number  as  given  in  this  column, 
divided  by  1,000.  The  third  column  gives  the  area  in  circular  mils,  the 
numbers  in  this  column  being  equal  to  the  squares  of  those  in  the  second 
column.    The  safe  carrying  capacity  is  also  given. 


Properties  of 

Copper  Wire.    American,  or  Brown  &  Sharpe 

,  Gaugk. 

i 

s 

S%* 

Weight. 
Pounds. 

Current  Capacity 

(Amperes). 
National  Boaid 

Is 

FireUnd 

erwriters. 

Per 
l,0OOFt. 

Per 
Mile. 

Weath- 
er-proof. 

Rubber- 
Covered. 

0000 

460.0 

211,600.0 

640.5Q 

3,381.4 

.0489 

312 

210 

000 

409.6 

167,805.0 

508,00 

2,682.2 

.0617 

262 

177 

00 

364.8 

133,079.4 

402.80 

2,126.8 

.0778 

220 

150 

0 

324.9 

105,534.5 

319.50 

1,686.9 

.0981 

185 

127 

1 

289.3 

83,694.2 

253.30 

1,337.2 

.1237 

156 

107 

2 

257.6 

66,373.0 

200.90 

1,060.6 

.1560 

131 

90 

3 

229.4 

52,634.0 

159.30 

841.1 

.1967 

110 

76 

4 

204.3 

41,742.0 

126.40 

667.4 

.2480 

92 

65 

5 

181.9 

33,102.0 

100.20 

529.1 

.3128 

77 

54 

6 

162.0 

26,250.5 

79.46 

419.5 

.3944 

65 

46 

7 

144.3 

20,816.0 

63.02 

332.7 

.4973 

8 

128.5 

16,509.0 

49.98 

263.9 

.6271 

46 

33 

9 

114.4 

13,094.0 

39.63 

209.2 

.7908 

10 

101.8 

10,381.0 

31.43 

165.9 

.9972 

32 

24 

11 

90.7 

8,234.0 

24.93 

131.6 

1.257 

12 

80.8 

6,529.9 

19.77 

104.4 

1.586 

23 

17 

13 

71.9 

5,178.4 

15.68 

82.8 

1.999 

14 

64.1 

4,106.8 

12.43 

76.2 

2.521 

16 

12 

15 

57.1 

3,256.7 

9.86 

52,0 

3.179 

16 

50.8 

2,582.9 

7.82 

41.3 

4.009 

8 

6 

17 

45.2 

2,048.2 

6.20 

32.7 

5.055 

18 

40.3 

1,624.3 

4.92 

25.9 

6.374 

5 

3 

19 

35.9 

1,288.1 

3.90 

20.6 

8.038 

20 

31.9 

1,021.5 

3.09 

16.3 

10.14 

21 

28.5 

810.1 

2.45 

12.9 

12.78 

22 

25.3 

642.4 

1.94 

10.3 

16.12 

23 

22.6 

509.4 

1.54 

8.1 

20.32 

24 

20.1 

404.0 

1.22 

6.4 

25.63 

25 

17.9 

320.4 

.96 

5.1 

32.31 

26   . 

15.9 

254.1 

.76 

4.0 

40.75 

27 

14.2 

201.5 

.61 

3.2 

51.38 

28 

12.6 

159.7 

.48 

2.5 

64.79 

29 

11.2 

126.7 

.38 

2.0 

81.7 

30 

10.0 

100.5 

.30 

1.6 

103.0 

31 

8.93 

79.70 

.24 

1.27 

129.9 

32 

7.95 

63.21 

.19 

1.01 

163.8 

33 

7.08 

50.13 

.15 

.801 

206.6 

34 

6.30 

39.75 

.12 

.635 

260.5 

35 

5.61 

31.52 

.095 

.504 

328.4 

86 

5.00 

25.00 

.075 

.400 

414.2 

. 

37 

4.45 

19.83 

.060 

.317 

522.2 

38 

3.96 

15.72 

.047 

.251 

658.5 

39 

3.53 

12.47 

.038 

.199 

830.4 

40 

3.14 

9.89 

.030 

.158 

1,047.0 
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The  following  table  gives  a  comparison  of  the  properties  of  aluminnm 
and  copper: 

CoMPABisoN  or  Properties  of  Aluminum  and  Copper. 


Aluminum. 


Copper. 


Conductivity  (for  equal  sizes) 

A^eight  (for  equal  sizes) 

"Weight  (for  equal  length  and  resistance).... 

I*rice  (per  pound)  aluminum,  29  cents;  cop- 
per, 16  cents  (bare  wire) 

Price  (equal  length  and  resistance,  bare 
line  wire) 

Temperature  coefficient  per  degree  F 

Kesistance  of  miWbot  (20°  C.) 

Specific  gravity 

Breaking  strength  (equal  sizes) 


.54  to  .63 
.33 
.48 


1.81 


.002138 
18.73 
2.5  to  2.68 

1 


.002155 
10.5 
8.89  to  8.93 
1 


In  case  a  conductor  larger  than  that  given  in  the  table  is  required, 
stranded  cables  are  used.  These  are  made  in  various  sizes.  The  table 
below  gives  some  of  the  more  common  sizes,  with  their  allowable  current 
capacity. 

Carrying  Capacity  op  Cables. 


Area. 
Circular 

Current. 

Amperes. 

Area. 
Circular 

Current. 

Amperes. 

Mils. 

Exposed. 

Concealed. 

Mils. 

Exposed. 

Concealed. 

200,000 

299 

200 

1,200.000 

1,147 

715 

300,000 

405 

272 

1,300,000 

1,217 

756 

400,000 

603 

336 

1,400,000 

1,287 

796 

500,000 

595 

393 

1,-500,000 

1,356 

835 

600,000 

682 

445 

1,600,000 

1,423 

873 

700,000 

765 

494 

1,700,000 

1,489 

910 

800,000 

846 

541 

1,800,000 

1,554 

946 

900,000 

924 

586 

1,900,000 

1,618 

981 

1,000,000 

1,000 

630 

2,000,000 

1,681 

1,015 

1,100,000 

1,075 

673 

Estimation  of  Resistance.— The  resistance  of  any  conductor  is  directly  pro- 
portional to  its  length,  and  inversely  proportional  to  its  area  of  cross-sec- 
tion, OT  R  =  K  -r,  where  if  is  a  constant.    If  L  is  expressed  in  feet  and 

A 

A  is  expressed  in  circular  mils,  then  the  constant  A"  must  be  the  resistance 
of  a  foot  of  the  wire  in  question  of  1  circular  mil  cross-section.  The  resist- 
ance of  1  mil-foot  of  copper  wire  at  75°  F.  is  about  10.8  ohms.    Hence, 

for  copper  wire,  we  have  R  =  — - — ;  but  A  =  d^  when  d  is  the  diameter 


in  mils;  hence,  we  also  have  R  ■■ 


^OJSI, 
d2     • 

This  formula  is  easily  remembered,  and  is  very  convenient  for  estimating 
the  resistance  of  any  length  of  wire  of  given  diameter  when  a  wire  table  is 
not  at  hand,  or  when  the  diameter  of  the  given  wire  does  not  correspond  to 
anvthing  given  in  the  table. 

Example.— Find  ther  esistance  of  1  mile  of  copper  wire  .20  in.  in  diameter. 

1  mile  =  5,280  ft.    .20  in.  =  200  mils.    Area  of  cross-section  =  (200)2  = 

,       ,  ,,       „  _       10.8  X  L       10.8  K  5.280         ,  ,„    ^ 

40,000  circular  mils.    Hence,  R  =  — -j^ —  =  — ^^  ,^^ —  =  1.42  ohms. 


da 


40.000^ 
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CALCULATION  OP  WIRES  POR   ELECTRIC  TRANSMISSION. 

Direct-Current  Circuits.— No  matter  how  large  a  wire  may  be,  some  energy 
must  always  be  expended  in  forcing  k  current  through  it,  because  no  con- 
ductor can  be  entirely  devoid  of  resistance.  It  is  true  that  the  loss  may  be 
made  as  small  as  we  please  by  using  a  very  large  conductor,  but,  in  practice, 
this  would  not  pay,  oecause  the  interest  on  the  cost  of  the  copper  would 
more  than  counterbalance  the  gain  in  the  efficiency  of  transmission.  In 
starting  out,  then,  to  estimate  the  size  of  wire  to  transmit  a  given  amount 
of  power  over  a  given  distance,  one  of  the  first  things  to  be  decided  is  the 
amount  of  power  that  may  be  allowed  for  loss  in  the  line,  because  it  is  evi- 
dent that  the  greater  the  power  lost,  the  higher  may  be  the  line  resistance, 
and  hence  the  smaller  the  wire.  The  pressure  required  to  force  a  current 
C  through  a  wire  of  resistance  12  is  C  X  -R.  This  pressure  is  generally  spoken 
of  as  the  drop,  for  the  reason  that  the  pressure  necessary  to  setup  the  current 
through  the  line  is  lost,  and,  consequently,  the  pressure  £alls  off  or  drops 
from  the  dynamo  to  the  receiving  end  of  the  line.  In  all  cases,  the  pressure 
at  the  end  of  the  line,  or  point  where  the  power  is  delivered,  is  equal  to  the 
pressure  at  the  dynamo  less  the  drop  in  the  line,  and,  conversely,  the  pres- 
sure that  must  be  maintained  by  the  dynamo  in  order  to  obtain  a  given 
pressure  at  the  end  will  be  equal  to  the  pressure  at  the  receiving  end  plus 
the  drop  in  the  line.  To  illustrate  the  above,  take  the  case  shown  in  Fig.  3, 
where  a  dvnamo  D  supplies  current  to  a  motor  M  situated  1  mile  distant. 
In  order  that  the  motor  may  operate  properly,  the  pressure  at  its  terminals 
must  be  kept  constant  at,  say,  500  volts.  It  is  evident,  then,  that  the  pressure 
between  o  and  h  (the  dynamo  terminals)  must  be  more  than  500  volts,  by  the 
drop  or  pressure  necessary  to  force  the  current  through  the  line.  If  the 
motor  is  taking  very  little  current,  i.  e.,  if  it  is  running  on  a  very  light  load, 
the  current  will  be  small,  and  henCe  the  drop  in  the  line  will  be  small.  In 
order,  then,  that  the  pressure  at  the  motor  may  remain  constant,  or  nearly 
so,  the  pressure  at  the  dynamo  must  automatically  increase  as  the  load 
increases.  The  way  in  which  this  is  done  will  be  explained  later;  for  the 
present,  we  are  concerned  only  with  the  calculation  of  the  line.    The  line 

must  evidently   be    designed 
with  regard  to  the  maximum 

-iMiU *|  current  it  has  to  carry.     We 

will  suppose,  for  the  sake  of 
illustration,  that  the  motor 
takes  50  amperes  at  full  load 
and  that  the  line  wire  is  of 
such  size  that  it  has  a  resist- 
ance of  .2  ohm  per  mile.  The 
current  has  to  pass  through  2 
miles  of  wire  ( oecause  it  has 
to  flow  out  through  1  mile  and 
back  through  1  mile),  and 
Fig.  3.  hence  encounters  a  resistance 

of  .4  ohm.  The  drop  in  the 
line  will  then  be  .4  X  50  =  20  volts,  and  in  order  to  obtain  a  pressure  of 
500  volts  at  the  motor,  the  pressure  at  the  dynamo  would  have  to  be  520 
volts.  The  loss  of  power  in  the  line  would  be  current  X  drop  =  50  X  20  = 
1,000  watts,  or  about  1\  horsepower.  The  drop  in  an  electrical  transmission 
line  is  analogous  to  the  loss  in  pressure  diie  to  the  friction  encountered 
by  water  flowing  through  a  pipe  line. 

If,  in  the  illustration  lust  given,  a  size  of  wire  were  used  such  that  its 
resistance  would  be  .1  ohm  per  mile,  it  is  evident  that  the  loss  in  the  line 
would  be  halved,  but  the  weight  of  copper  required  doubled,  because  the 
wire  would  have  to  be  double  the  cross-section.  The  question  as  to  whether 
it  would  pay  better  to  invest  more  money  in  the  line  or  to  put  up  with  the 
larger  loss  is  something  that  must  be  determined  in  each  case  by  tne  relative 
cost  of  power  and  copper. 

In  many  cases,  the  loss  allowed  in  the  line  is  about  10^  of  the  power  to  be 
delivered,  though  sometimes  the  loss  may  be  allowed  to  run  as  high  as  155< 
or  25?t.  This  applies  only  to  transmission  lines.  For  local  electric-light  or 
power-distributing  systems,  the  amount  of  drop  allowed  is  usually  about  2Ji 
for  the  former  and  5^  for  the  latter. 

The  problem  of  calculating  line  wires  usually  presents  itself,  in  the 
following  form:  Given,  a  certain  amount  of  power  to  transmit  over  a  kiiown 
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<listance  with  a  certain  allowable  loss,  to  determine  the  cross-section  of  the 
wire  required. 

Let         P  =  power  to  be  delivered,  expressed  in  watts;  P  will  be  equal 

to  horsepower  delivered  at  end  of  line  multiplied  by  746; 

}(  =  allowable  percentage  of  loss  In  line,  i.  e..  percentsige  of 

poioer  delivered  that  may  be  lost  in  transmission; 
E  =  voltage  at  end  of  line  where  power  is  delivered; 
C  =  current  at  fUU  load; 

L  ^  length  of  wire  through  which  current  flows. 
The  cross-section  of  the  copper  conductor  will  then  be  given  by  the 
following  formula: 

A-  -^-^-^  .  (1) 

A  will  be  expressed  in  circular  mils,  and  the  corresponding  size  of  wire 
may  be  found  dv  consulting  the  wire  table.  It  should  be  noticed,  particu- 
larly, that  In  this  Ibrmula,  L  is  the  average  length  of  conductor  through 
which  the  current  C  flows.  The  application  of  distance  of  transmission  in 
the  formula  will  be  understood  ftom  what  follows. 

EXAMPLE.--A  mine  pump,  driven  by  an  electric  motor,  is  situated  2  miles 
tcona.  the  power  station.  The  electrical  input  of  the  motor  at  f^ll  load  is 
50  H.  P.,  and  the  voltage  at  its  terminals  is  to  be  500.  Estimate  the  size  of 
line  wire  necessary  co  supply  the  motor,  the  allowable  loss  in  the  line  being 
15jt  of  the  power  delivered. 

The  actual  length  of  line  through  which  the  current  will  flow  will  be 
4  miles,  because  the  current  has  to  flow  out  to  the  motor  aAd  back  again. 
>Ve  have 

watts       50  X  746 
^"-£     =-^-- 74.6  amperes. 

Applying  formula  (1),  we  have 

10.8X2X2X5,280X74.6X100       n^^^    .       ,         n 
A  =  g^-  jg =  226,880  circular  mils,  nearly. 

By  consulting  the  wire  table  it  is  found  that  this  calls  for  a  wire  a  little 
larger  than  No.  0000,  which  has  a  cross-section  of  211,600  circular  mils; 
No.  0000  wire  would  probably  be  used  in  this  case,  as  it  is  near  enough  to  the 
calculated  size  for  all  practical  purposes.  In  case  the  calculated  size  comes 
out  larger  than  any  size  given  in  the  table,  a  number  of  wires  may  be  used 
in  multiple  to  make  up  the  required  cross-section,  or,  what  is  better,  a 
stranded  cable  may  be  used.  These  heavy  stranded  cables  may  now  be 
obtained  in  different  sizes,  np  to  2,000,000  circular  mils  cross-section. 

It  is  evident  that,  in  the  above  examples,  if  it  were  allowable  to  waste 
twice  as  much  power  in  the  line,  or  what  is  equivalent  to  having  a  line  drop 
of  150  volts  instead  of  75  volts,  the  cross-section  of  wire  required  would  have 
been  one-half  of  that  found  above.  Such  a  large  amount  of  loss  would, 
however,  be  objectionable  unless  power  was  very  cheap.  A  large  drop  in 
the  line  is  in  any  case  obiectionable,  because  the  voltage  at  the  receiving 
end  of  the  circuit  will  fall  off  greatly  unless  the  voltage  at  the  generating 
station  is  raised,  as  the  load  comes  on,  in  order  to  compensate  for  the  line 
drop.  Most  of  the  uses  to  which  electricity  is  put,  in  mines  or  other  places, 
requires  that  the  pressure  at  the  point  where  the  power  is  utilized  shall  be 
kept  approximately  constant.  For  example,  in  the  case  of  incandescent 
lignts,  the  lamps  will  fall  off  greatly  in  brightness  if  the  pressure  decreases 
even  by  a  comparatively  slight  amount.  Also,  if  motors  are  being  operated, 
the  speed  will  vary  considerably  if  the  pressure  is  not  kept  constant,  and  it 
may  oe  stated,  in  general,  that  a  large  line  loss  tends  to  poor  regulation  at 
the  end  of  the  circuit  where  power  is  delivered. 

Prom  the  above  considerations,  it  will  be  seen  that,  in  the  majority  of 
oases,  the  size  of  wire  to  be  used  under  given  conditions  is  determined  by 
the  allowable  amount  of  drop.  In  some  cases,  however,  especiallv  if  the 
current  is  to  be  used  near  at  hand,  the  size  of  wire  so  determined  might  not 
be  large  enough  to  carry  the  current  without  overheating.  Of  course,  in 
such  cases,  the  safe  carrying  capacity  of  the  wire  determines  the  size  to  be 
used,  and  the  drop  will  be  correspondingly  less. 

The  amount  of  current  that  a  given  wire  can  carry  without  overheating 
depends  very  largely  on  the  location  of  the  wire.  For  example,  a  wire 
strung  in  the  open  air  will  carnr  a  greater  current,  with  a  given  temperature 
rise,  uian  the  same  wire  would  if  boxed  up  in  a  molding  or  conduit.    The 
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table  on  page  209  gives  the  approximate  safe  carrying  capacity  of  wires 
when  strung  in  the  air. 

In  order  to  keep  down  the  size  of  wire  required  to  transmit  a  given 
amount  of  power  over  a  given  distance,  with  a  certain  allowable  loss,  the 
current  must  be  kept  as  small  as  possible.  Now,  for  a  given  amount  of 
power,  the  current  can  only  be  made  small  by  increasing  the  pressure, 
because  the  number  of  watts,  or  power  delivered,  is  equal  to  the  product  of 
the  current  and  the  pressure.  As  a  matter  of  fact,  if  the  pressure  in  any 
given  case  be  doubled,  the  amount  of  copper  required  will  be  only  one- 
fourth  as  great;  in  other  words,  for  a  given  amount  of  power  transmitted, 
the  weight  of  copper  required  decreases  as  the  square  or  the  voltage.  It  is 
at  once  seen,  then,  th^t  if  any  considerable  amount  of  power  is  to  be  trans- 
mitted over  long  distances,  a  nigh  line  pressure  must  be  used  or  else  the  cost 
of  copper  becomes  prohibitory.  The  use  of  high  pressures  in  power  trans- 
mission will  be  taken  up  in  connection  with  alternating  currents. 

Insulated  Wires.— For  most  overhead  line  work  using  modem  yoltages, 
weather-proof  insulated  wire  is  used.  This  wire  is  covered  with  two  or  three 
braids  of  cotton,  and  treated  with  insulating  compound.  For  inside  work. 
and  in  places  where  a  better  quality  of  insulation  is  required,  rubber-covered 
wires  are  used.  The  following  table  gives  the  approximate  weight  of 
weather-proof  line  wire.  The  cost  of  the  wire  per  pound  varies  considerably, 
owing  to  the  variations  in  the  price  of  copper;  about  18  cents  per  pound 
may  be  taken  as  an  approximate  figure  in  making  calculations. 


WEATHER-PaOOF  LiNE  WlBE 

(ROEBLING'S). 

^ 

Double  Braid. 

Triple  Braid. 

Number. 
B.&S. 

Outside 

Weight.   Pounds. 

Outside 

Weight. 

Pounds. 

Gauge. 

Diameter. 
32dslnch. 

Diameter. 
32ds  Inch. 

Per 

Per 

Per 

Per 

1,000  Ft. 

Mile. 

1,000  Ft. 

Mile. 

0000 

20 

716 

3,781 

24 

775 

4,092 

000 

18 

575 

3,036 

22 

630 

3,326 

,00 

17 

465 

2,455 

18 

490 

2,68^ 

0 

16 

376 

1,980 

17 

400 

2,112 

1 

15 

285 

1,505 

16 

306 

1,616 

2 

14 

245 

1,294 

15 

268 

1,415 

3 

13 

190 

1,003 

14 

210 

1,109 

4 

11. 

152 

803 

12 

164 

866 

5 

10 

120 

634 

11 

145 

766 

6 

9 

98 

518 

10 

112 

591 

8 

8 

66 

349 

9 

78 

412 

10 

7 

45 

238 

8 

55 

290 

12 

6 

30 

158 

7 

35 

185 

14 

5 

20 

106 

6 

26 

137 

16 

4 

14 

74 

6 

20 

106 

18 

3 

10 

53 

4 

16 

85 

For  high-tension  lines,  it  is  customary  to  use  bare  wires  and  insulate 
them  thoroughly  on  special  porcelain  insulators.  The  ordinary  weather- 
proof wire  insulation  is  of  little  or  no  use  as  a  protection  when  these  high 
pressures  are  used,  and  it  only  makes  the  line  more  dangerous  because  of 
the  appearance  of  false  security  that  it  gives.  In  many  cases,  it  .is  also 
better  to  use  bare  feeders  for  raine-haulage  plants,  because  the  ordinary 
insulation  soon  becomes  defective  in  a  mine,  and  a  wire  in  this  condition  is 
really  more  dangerous  than  a  bare  wire,  because  the  latter  is  known  to  be 
dangerous  and  will  be  left  alone.  

CURRENT  ESTIMATES. 

Before  calculating  the  size  of  wire  reauired  for  any  given  case,  it  is 
-necessary  to  know  the  current,  and  the  method  of  getting  at  this  will  depend 
11  what  the  current  Is  to  be  used  for.  o 
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Incandescent  Lamps.— These  are  usually  operated  on  110-volt  circuits,  Fig.  4, 
or  on  the  three-wire  system,  as  shown  in  Fig.  5.    In  the  three-wire  system, 
two  110-volt  dynamos  are  connected  in  series  so  that  the  voltage  across  the 
outside  wires  is  220.    The  neutral 
wire  a  a  connects  to  the  point  h 
where  tbe  machines  are  connected 
together.     The  wire  a  a  merely 
serves  to  carry  the  difference  in 
the  currents  on  the  two  sides  of 
the  system,  in  case  more  lamps 
should  be  burning  on  one  slae 
than  on  the  other.    The  outside 
wires  for  such  a  system  are  calcu- 
lated as  if  the  lights  were  operated 

two  in  series  across  220  volts.  The  middle  wire  is  usually  made  equal  in  size 
to  the  outer  wires.  An  ordinary  16  c.  p.  incandescent  lamp  requires  about 
55  watts   for  its  operation;  a  32  c.  p.   lamp  requires  about   110  watts. 

Hence,  in  the  case  of 
ordinary  parallel  dis- 
tribution, as  shown 
in  Fig.  4,  the  dy- 
namo will  deliver 
about  i  ampere  for 
each  16  c.  p.  lamp 
operated,  and  1  am- 
pere for  each  32  c.  p. 
lamp.  In  the  case  of 
the  three- wire  sys- 
tem, each  pair  of  16 
c.  p.  lamps  will  take 
i  ampere,  and  the 
total  number  of  amperes  in  the  outside  wires  will  be  one-fourth  the  num- 
ber of  lamps  operated. 

Example. — A  certain  part  of  a  mine  is  to  be  iHuminated  by  fifty  16  c  p. 
lamps  and  ten  32  c.  p.  lamps.  This  portion  of  the  mine  is  1,000  ft.  from  the 
dynamo  room,  and  the  allowable  drop  in  pressure  is  5^.  The  lamps  are  to 
be  run  on  a  110-volt  system.    Find  the  size  of  wire  required. 

Fifty  16  c.  p.  lamps  require 25  amperes 

Ten  32  c.  p.  lamps  require 10  amperes 

Total  current 35  amperes 

We  have,  then, 

„         10.8X1,000X2X35X100       ,„„  ^^,    , 

circular  mils  = -.S^  T =  137,454  circular  mils, 

110  X  t> 
or  about  a  No.  00  B.  &  S.  wire. 

Example. — Take  the  same  case  as  in  the  last  example,  but  suppose  the 
lights  to  be  operated  on  the  three-wire  system.  There  will  then  be  twenty- 
five  16  c.  p.  lamps  and  five  32  c.  p.  lamps  on  each  side  of  the  circuit,  and 
the  total  current  in  the  outside  wires  will  be  17.5  amperes.  The  voltage 
between  the  outside  wires  will  be  220,  and  we  will  have 

circular  mlU  =  ^''•»X''°°°^^^^^-^>^^°°  =  34.363  circular  mllB, 

or  about  a  No.  5  B.  <&  S.  wire. 

If  we  make  the  central  wire  also  of  this  size,  It  is  seen  that  this  system 
would  require  three-eighths  the  amount  of  copper  called  for  by  the  plain 
110-volt  system.    There  is  the  disadvantage  that  two  dynamos  are  needed. 

Note.— The  length  to  be  used  in  the  wiring  formula  is  the  average  dis- 
tance traversed  by  the  current  in  the  conductor.  For  example,  if,  as  in 
Fig.  6  (o),  the  lamps  were  all  grouped  or  bunched  at  the  end  of  the  line,  the 
length  used  in  the  formula  would  be  twice  that  from  G  to  A,  because 
the  whole  current  has  to  flow  out  to  A  through  one  main  and  back  through  the 
other.  In  other  words,  the  whole  current  here  passes  through  the  whole 
length  of  the  line.  In  case  the  load  is  uniformly  distributed  all  along  the 
line,  as  shown  in  Fig.  6  (6),  it  is  evident  that  the  current  decreases  step  by 
step  from  the  djmamo  to  the  end.  In  such  a  case,  the  length  or  distance  to 
be  used  in  the  formula  is  one-half  that  used  in  the  former  case,  or  simply 
the  distance  flrom  the  dynamo  to  the  end,  instead  of  twice  this  distance. 
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Arc  Lamps.— Arc  lamps  are  frequently  run  on  constant-]x>tential  circuite, 
and  usually  consume  from  400  to  500  watts.  There  are  so  many  types  of 
these  lamps  that  it  is  difficult  to  give  any  current  estimates  that  will  be  gen- 
erally applicable.  Enclosed  arc  lamps  usually  take  from  3  to  5  amperes 
when  run  on  UO-volt  circuits. 

Motors.— Practically  all  the  motors  used  in  mining  work  are  run  on  the 
constant-potential  system,  either  at  250  or  600  volts.  The  efficiency  of  ordi- 
nary motors  will  vary  from  70^  to  95}^  or  higher,  depending  on  the  size.  The 
efficiency  is  greater  with  the  larger  machines,  and,  for  the  ordinary  run  of 
motors,  it  will  probably  lie  between  SOjt  and  90j(.  By  efficiency  is  here  meant 
the  ratio  of  the  usefUI  output  at  the  pulley  or  pinion  of  the  motor  to  the 
total  input.  The  accompanying  table  gives  the  efficiency  of  motors  of 
ordinary  size: 

Approximate  Motos  Efficiency. 
J  to  11  H.  P.,  Inclusive  =  75^  efficiency 
3  to  5  H.  P.,  inclusive  =  SOJi  efficiency 
7i  to  10   H.  P.,  inclusive  =  85?f  efficiency 
15  H.  P.  and  upwards  =  90ji  efficiency 
If  the  required  output  in  horsepower  is  known,  the  input  will  be 
^,  ^  H.  P.  X  746 
efficiency  ' 

W 
and  the  current  required  at  ftiU  load  will  be  C  =  -^,  where  E  is  the  voltage 

between  the  mains  at  the  motor. 

.  Conductors  for  Electrlc-Htulage  Plants.— In  electric-haulage  i)lants,  the  rails 
take  the  place  of  one  of  the  conductors,  so  that,  in  calculating  the  size  of 
feeders  reauired,  only  the  overhead  conductors  are  taken  into  account.  It 
is  a  difficult  matter  to  assign  any  definite  value  to  the  resistance  of  the  track 
circuit,  as  it  depends  very  largely  on  the  quality  of  the  rail  bonding  at  the 


joints.  If  this  bonding  is  well  done,  the  resistance  of  the  return  circuit 
should  be  very  low,  because  the  cross-section  of  the  rails  is  comparatively 
large.  For  calculating  the  supply  feeders,  we  may  use  the  approximate 
formula, 

circular  mils  ^^^^-^X^X^^. 
EXitdTop 

In  this  case,  L  is  the  average  length  of  feeder  over  which  the  power  is  to 
be  transmitted.  It  will  be  noticed  that  the  constant  10.8  appearing  in  the 
previous  formulas  has  here  been  increased  to  14.  This  has  been  done  to  allow, 
approximately,  for  the  track  resistance,  but  this  constant  might  vary  con- 
siderably, depending  on  the  quality  of  the  rail  bonding.  If  the  load  is  all 
bunched  at  the  end  of  the  feeder,  L  is  the  actual  length  of  the  feeder  in  feet. 
If  the  load  is  uniformly  distributed  all  along  the  line,  as  it  would  be  if  a 
number  of  locomotives  were  continually  moving  along  the  line,  the  dis- 
tance L  in  the  above  formula  would  be  taken  as  one-half  that  used  in  the 
case  where  the  load  was  bunched  at  the  end.  In  other  words,  the  whole 
current  C  would  only  flow  through  an  average  of  one-half  the  length  of  the 
line. 
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£x  A]CPLE.^In  Fig.  7,  a  b  represents  a  section  of  track  4,000  ft.  long.  From 
the  dynamo  c  to  the  beginning  of  the  section,  the  distance  is  l,20u  ft.  The 
trolley  wire  is  No.  00  B.  &  8.,  and  is  fed  from  the  feeder  at  regular  intervals. 
Two  imning  locomotives  are  operated,  each  of  which  takes  an  average  cur- 
rent of  75  amperes.  The  total  allowable  drop  to  the  end  of  the  line  is  to  be 
5%  of  the  terminal  voltage,  which  is  500  volts.  Calculate  the  size  of  feeder 
req^uired,  assuming  that  the  constant  14,  in  the  formula,  takes  account  of  the 
resistance  of  the  return  circuit. 

Since  the  locomotives  are  moving  from  place  to  place,  the  center  of  dis- 
tribution for  the  load  may  be  taken  at  the  center  of  the  4,000  ft.    The 
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distance  L  will  then  be  1.200  +  2,000  =  3,200  ft.    The  total  current  will  be 
150  amperes;  hence,  we  have 

circular ndlB  =  iJJ<^_^X  150X100  ^  ^^ 

This  would  require  either  a  stranded  cable  or  the  use  of  two  No.  00  wires 
in  parallel  from  c  to  a.  From  a  to  b  we  have  the  No.  00  trolley  wire  in 
parallel  with  the  feeder;  hence,  the  section  of  feeder  a  b  may  be  a  single 
No.  00  wire.  In  many  cases,  the  drop  is  allowed  to  run  as  high  as  10^, 
because  the  loads  are  usually  heavier,  and  the  distances  longer,  than  in  the 
example  given  above.  

DYNAMOS  AND  MOTORS. 

A  dynamo  is  a  machine  for  converting  mechanical  energy  into  electrical 
energy  by  moving  conductors  relatively  to  a  magnetic  field. 

An  electric  motor  is  a  machine  for  converting  electrical  energy  into 
mechanical  energy  by  the  relative  motion  between  conductors  carrying  a 
current  and  a  magnetic  field. 

In  the  case  of  a  dynamo,  a  number  of  conductors  are  made  to  move 
across  a  magnetic  field  by  means  of  a  steam  engine  or  other  prime  mover, 
and  the  result  is  that  an  E.  M.  F.  is  set  up  in  the  conductors,  and  this  £.  M.  F. 
will  set  up  a  current  if  the  circuit  Is  closed. 

In  the  case  of  a  motor,  a  number  of  conductors  are  arranged  so  that  they 
are  free  to  move  across  a  magnetic  field,  and  a  current  is  sent  through  these 
conductors  from  some  source  of  electric  current.  The  current  flowing 
through  these  conductors  reacts  on  the  magnetic  field  and  causes  the 
conductors  to  move,  thus  converting  the  electrical  energy  delivered  to  the 
motor  into  mechanical  energy. 

As  far  as  mechanical  construction  goes,  dynamos  and  motors  are  almost 
identical,  and  the  operation  of  the  motor  is  exactly  the  reverse  to  that  of  the 
dynamo. 

Dynamos  and  motors  may  be  divided  into  two  general  classes:  (a)  Dyna- 
mos and  motors  for  direct  current;  (J>)  dynamos  and  motors  for  aUemaHng 

CUTTCnt.  

DIRECT-CURRENT    DYNAMOS. 

Principle  of  Action.— Direct-current  dynamos  are  those  that  frimish  a 
current  that  always  flows  in  the  same  direction.  This  kind  of  dynamo  is 
largely  used  for  incandescent  lighting,  and  also  for  the  operation  of  street 
railways. 

A  dynamo  generates  an  E.  M.  F.  b:^  the  motion  of  conductors  across  a 
magnetic  field;  hence,  at  the  outset,  it  is  seen  that  there  must  be  at  least  two 
essential  parts  to  a  dynamo;  namely,  a  magnet  of  some  kind  to  set  up  a 
magnetic  field,  and  a  series  of  conductors  arranged  so  that  they  may  be 
moved  or  revolved  in  the  magnetic  field.    The  first  part  is  known  as  the 
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field  magnet,  or  very  often,  simply  as  the  field.  The  second  part  is  known  as 
the  trmature.  The  field  is  supplied  by  means  of  a  powenul  electromag-net 
which  is  magnetized  by  the  current  in  the  field  coils.  Fig.  8  shows  a,  typicai 
six-pole  magnet  of  this  kind;  B,  B  are  the  magnetizing  coils,  which,  -when  a 
current  is  sent  through  them,  form  powerftil  magnetic  poles  at  A,  S.  The 
framework  A  of  such  a  field  magnet  is  usually  made  of  cast  iron  or  cast  steel. 

These    field    magnets     may 
have  any  number  of  poles, 
but   machines  of  ordinary 
size  are    usually    provided 
with  from  two  to  eight  poles. 
The  armature  usually  con- 
sists of  a  number  of  turns  of 
insulated    copper     wire, 
arranged  around  tne  periph- 
ery of  a  ring  or  drum  built 
up  of  soft  iron  sheets.    Fig-.  9 
shows  the  construction  of  a 
typical  armature  of  the  ring 
type.     The  winding-    is 
divided   into   a  number  of 
sections,  and  the  terminals 
connected  to  the  commutator. 
This  commutator  consists 
of  a  number  of  copper  iMEtrs, 
insulated  fW)m  each  other  by 
means  of  mica,  the  bundle  of 
bars  being  clamped   firmly 
into  place  and  turned  up  to 
form  a  true  cylindrical  sur- 
face.   The   sections   in  the 
commutator  correspond  with 
Fig.  8.  those  in  the  armature,  and 

the  use  and  operation  of  the 
commutator  will  be  described  later.  The  winding  on  the  ring  is  endless, 
i.  e.,  it  consists  of  a  number  of  coils  or  sections  c,  the  end  of  one  section 

COMPLETC  A/tMATVne. 


binding-  wlrtsr 


Fig.  9. 


being  joined  to  the  beginning  of  the  next,  thus  forming  an  endless  coil  as 
shown  in  Fig.  10.  The  construction  of  such  a  ring  armature  would  be'  as 
shown  in  Fig.  9.  o 
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Fig.  10. 


Sapx>ose  the  ring  shown  in  Fig.  10  with  its  endless  winding  to  be  rotated 

etween   tkie  poles  of  a  2-pole  field  magnet.    We  will  then  have  the  condi- 

on  of  aSsLiTs  as  indicated  in  Fig.  10.    The  magnetic  lines  will  flow  from  the 

r  pole  of  tlie  field  magnet  across  through  the  iron  core  of  the  armature  and 

Qter  tlae  S  pole  on  the  other  side.    Since  all  the  conductors  on  the  right- 

and  face  or  the  ring  are  moving  upwards,  they  will  have  an  E.  M.  F.  gen- 
rated  In.  them  in  one  direction,  while  the  fe.  M.  F.  In  the  conductors  on  the 

Bft  side  ATvill  have  an  £.  M.  F.  in  the  opposite  direction,  because  all  the 

onductors  on  this  side  are 

aoving  downwards,  or  in 

he  opi>08ite  direction,  to 

hose   on    the  other  side. 

rheae  t^wo  opposing  E.  M. 

r.'s    ^rill   meet    at    o,   as 

>hoi«rn  \yy  the  arrowheads, 

md    -will  neutralize  each 

3tlier    so  that  no  current 

will    flow  through   the 

windings  of  the  armature. 

Suppose,  however,  that 

taps  are  connected  at  the 

points  a  and  a',  as  shown 

by   tlie  dotted  lines,  and 

these    taps    connected   to 

two  Ttng^  r,  r',  mounted  so 

as   to    revolve  with  the 

armature.    By  allowing 

bruslies  6,  b'  to  press  on 

these  rings,  we  can  make 

connection  with  an  outside  circuit  d,  which  may  consist  of  a  number  of 
lamps  or  any  other  device  through  which  we  wish  to  send  a  current.  By 
puttug  in  the  taps  at  a  and  o',  we  have  allowed  the  two  opposing  E.  M.  F.'s 
to  set  up  a  current  through  the  common  connections  to  the  rings,  and 
thence  through  the  outside  circuit.  Current  now  flows  in  each  halt  of  the 
armature  winding,  unites  at  a,  flows  out  by  means  of  ring  r'  and  brush  b\ 
thence  through  the  outside  circuit  d  to  brush  b  and  ring  r,  from  whence  it 
passes  to  a'  and  thus  completes  the  circuit.  When  the  ring  makes  a  half 
revolution  lirom  the  position  shown  in  the  figure,  it  is  seen  that  the  current 
in  the  ouside  circuit  will  flow  in  the  opposite  direction.  In  fact,  an  arrange- 
ment of  this  kind  would  deliver  a  current  that  would  be  i)eriodically  revers- 
ing in  the  outside  circuit,  or 
it  would  be  what  is  known  as 
an  alternating  current. 

Instead  of  simply  bringing 
out  two  terminals  to  rings, 
suppose  the  winding  to  be 
tapped  at  a  fairly  large  number 
of  points,  and  connections 
brought  down  to  a  number  of 
insulated  strips,  as  ■  shown  in 
Fig.  11.  If  the  armature  be 
now  revolved,  it  is  seen  that 
the  brushes  will  come  in  contact 
with  successive  bars  and  keep 
the  outside  circuit  in  such  re- 
lation to  the  armature  winding 
that  the  current  will  always 
flow  through  it  in  the  same 
direction .  Moreover,  if  the  num- 
ber of  divisions  in  the  armature 
be  large,  the  current  will  fluc- 


FlG.  11. 


tuate  very  little,  beine  nearly  as  steady  as  that  obtained  from  a  battery. 
The  arrangement  made  up  of  insulated  bars  is  called  the  commutator, 
because  it  commutes  or  changes  the  relation  of  the  outside  circuit  to  the 
armature  winding  so  that  the  current  in  the  outside  circuit  always  flows 
in  the  same  direction.  All  practical  machines  used  for  the  generation 
of  direct  current  must  be  provided  with  such  a  commutator.  When  alter- 
nating currents  are  used  it  is  only  necessary  to  use  plain  collector  rings,  as 
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shown  in  Fig.  10.  The  foregoing  brief  description  will  give  a  general  idea 
as  to  the  construction  of  an  ordinary  direct-current  dynamo  or  motor. 
Drum- wound  armatures  are  more  frequently  used  than  the  ring  type  shown, 
but  the  action  is  the  same  in  either  case.  , ,  ,     ,      ,     ^ 

Factors  Determining  E.  M.  F.  Generated.— A  dynamo  should  be  looked  upon 
as  a  machine  for  maintaining  an  electrical  pressure  rather  than  as  a  macnme 
for  generating  a  current.  A  pump  does  not  manufacture  water — it  merely 
maintains  a  head  or  pressure  that  causes  water  to  flow  wherever  an  outlet  is 
provided  for  it  to  flow  through.  In  the  same  way,  a  dynamo  maintains  a 
pressure,  and  this  pressure  will  set  up  a  current  whenever  the  circuit  is 
closed,  so  that  the  current  can  flow.  The  important  thing  to  consider, 
therefore,  is  the  E.  M.  F.  that  the  dynamo  is  capable  of  generatingr. 

The  E.  M.  F.  generated  by  an  armature  depends  on  the  total  number  of 
magnetic  lines  cut  through  per  second  by  the  armature  conductors.  This 
means  that,  in  the  first  place,  the  faster  the  armature  runs,  the  higher  will  be 
the  E.  M.  F.;  in  the  second  place,  the  greater  number  of  conductors  or  turns 
there  are  on  the  armature,  the  higher  will  be  the  E.  M.  F.;  and  in  the  third 
place,  the  stronger  the  magnetic  field,  the  higher  will  be  the  E.  M.  F.  The 
E.  M.  F.  in  terms  of  these  quantities  may  be  written 
p  nCN 

100,000,000' 
where         n  =  speed  in  revolutions  per  second; 

C  =  number  of  conductors  on  face  of  the  armature; 
N  =  number  of  magnetic  lines  flowing  from  one  pole. 

The  constant  100,000,000  is  necessary  to  reduce  the  result  to  volts.  This 
equation  enables  us  to  make  calculations  relating  to  any  two-pole  dynamo, 
and  with  slight  modification  it  is  applicable  to  machines  with  field  magnets 
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Fig.  13. 


having  a  number  of  poles.  It  will  not  be  necessary  to  consider  this  fonmila 
further  here,  as  the  main  thing  to  fix  in  mind  is  that  the  E.  M.  F.  is  propor- 
tional to  the  three  quantities:  speed,  number  of  conductors,  and  strengtn  of 
field. 

Field  Excitation  of  Dynamos.— In  the  earliest  form  of  dynamo,  the  magnetic 
field  in  which  the  armature  rotated  was  set  up  by  means  of  permanent 
magnets.  Permanent  magnets  are,  however,  very  weak  compared  with 
electromagnets,  which  are  excited  by  means  of  current  flowing  around 
coils  of  wire  wound  on  a  soft-iron  core,  as  shown  in  Fig.  13.  As  soon  as  the 
current  ceases  flowing  around  the  coils  of  an  electromagnet,  the  magnetism 
almost  wholly  disappears,  but  a  small  amount,  iLuown  sls  the  residual  moffnel- 
ism  remains.  It  is  to  this  residual  magnetism  that  the  dynamo  owes  its 
ability  to  start  up  of  its  own  accord  and  excite  its  own  field  mi^rnets. 
When  the  armature  is  first  started  to  revolve,  a  very  feeble  E.  M.  F.  is  gener- 
ated in  it,  but  the  armature  is  connected  to  the  field  coils  in  such  a  way 
that  this  small  £.  M.  F.  is  able  to  force  a  small  current  through  the  field 
coils,  and  thus  set  up  a  larger  amount  of  magnetism  in  the  field.  This  in 
turn  increases  the  E.  M.  F.  in  the  armature,  and  the  building-up  process  goes 
on  rapidly  until  the  dynamo  generates  its  full  pressure.  There  are  three 
different  methods  in  use  for  supplying  the  field  coils  with  current,  and  con- 
tinuous-current dynamos  are  divided  into  three  classes,  according  to  the 
method  used  for  exciting  their  fields.  These  three  classes  are:  (o)  Series- 
wound  dynamos;  (b)  shunt-wound  dynamos;  (c)  compound-wound  dynamos. 
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(a)  Series-Wo«nd  Dynamot.— In  this  class  of  machine,  the  field  coils  are 

"nected  in  series  with  the  armature,  and  all  the  carrent  that  passes 
igh  the  armature  also  passes  through  the  field  and  the  outside  circuit. 

s  arrangement  is  shown  in  Fig.  12,  where  A' 

'  i>'  represent  the  poles  of  the  magnet,  +  B 
—  B  the   brushes,  and  Re  the  outside  cir- 

it,  wliich  may  consist  of  lamps,  motors,  or 

'  other  device   in  which  it   is  desired  to 

ize  tbe  current.    It  will  be  noticed  that  with 

arrangement  of  this  kind,  the  £.  M.  F.  will 

rease  as  the  current  increases,  because  the 

d  will  become  stronger  and  the  speed  is  sup- 

ied  to  remain  constant.    This  will  be  true  up 

the  point  where  the  field  carries  all  the  mag- 

itism  it  is  capable  of,  or,  in  other  words,  until 

becomes    saturated.     After    this    point   is 

ched.  the  E.  M.  F.  will  increase  very  little 

ith  increase  of  current.  In  most  of  the 
ork  connected  with  lighting  or  power  trans- 
mission, it  is  desirable  to  have  the  voltage 
remain  nearly  constant.  For  this  reason,  therefore,  the  series  method  of 
excitation  has  not  been  very  largely  used  for  dvnamos.  The  only  style 
of  generator  to  which  it  has  been  applied  at  all  generally  is  the  arc-light 
dynamo,  and  these  machines  are  provided  with  an  automatic  regulator  of 
some  kind  to  vary  the  voltage  as  desired.  The  series  field  winding  has, 
however,  been  lareely  used  in  connection  with  the  motors  operated  on 
constant-pressure  circuits,  as  will  be  taken  up  later  in  connection  with 
motors. 

(b)  Shant-Woand  Dynamos.— This  style  of  machine  has  not  been  used 
largely  of  late  years,  although  it  was  formerly  very  common.  Its  use  is  at 
present  confined  more  particularly  to  machines  of  small  size.  In  this 
method  of  excitation,  the  field  is  connected  as  a  shunt  or  by-pass  to  the 
armature;  i.  e.,  the  field  winding  is  connected  in  parallel  with  the  armature. 
This  winding  consists  of  a  large  number  of  turns  of  fine  wire,  so  that  its 
resistance  is  nigh  and  only  a  small  part  of  the  total  current  flows  through  it. 
Fie.  13  shows  the  connections  for  this  kind  of  field  excitation.  An  adjust- 
able resistance  r  is  usually  inserted  in  the  field  circuit,  and  by  cutting  this 
resistance  in  or  out,  the  field  may  be  weakened  or  strengthened  and  the 
voltage  varied  accordingly.  With  this  type  of  machine,  the  current 
through  the  field  does  not  vary  greatly  from  no  load  to  ftill  load,  and  if 
the  dynamo  is  well  designed,  the  pressure  at  the  brushes  will  keep  approxi- 
mately constant.  The  pressure  will,  however,  always  fall  off  more  or  less, 
on  account  of  the  drop  in  the  armature,  due  to  its  resistance,  and  also  upon 
the  tendency  that  the  current  in  the  armature  has  of  weakening  the  field. 
The  shunt  winding  is  used  quite  largely  for  motors. 

(c)  Compound-Woand  Dynamos.— The  com]x>und-wound  dynamo  is  the  one 
most  largely  used  for  direct-current  power  and  light  distribution,  and  it  is  so 
called  because  the  winding  used  for  exciting  the  field  is  a  combination  of  the 
series  and  shunt  windings  previously  described.  The  series  winding 
serves  the  purpose  of  keeping  up  the  field  strength  while  the  load  is 
increased,  and  thus  keeps  the  pressure  constant,  or  even  makes  it  rise  with 
increased  load,  if  so  desired.  When  the  series  winding  is  so  adjusted  that 
the  pressure  rises  as  the  load  is  increased,  the  machine  is  said  to  be  overcom- 
pounded.  Fig.  14  shows  the  connections  for  such  a  machine.  It  will  be  seen 
that  the  shunt  winding  is  connected  as  before,  a  field  resistance  or  rheostat, 
not  shown  in  the  figure,  being  inserted  for  the  purpose  of  adjusting  the  volt- 
age. One  brush  connects  directly  to  one  terminal  of  the  machine  +  T,  while 
the  other  brush  connects  to  one  end  of  the  series  winding  on  the  field.  The 
other  end  of  the  series  winding  forms  the  other  terminal  —  T,  to  which  the 
outside  circuit  Re  is  connected.  It  is  thus  seen  that  the  shunt  coil  supplies 
a  certain  amount  of  Initial  magnetization  that  is  augmented  by  the  magnet- 
ism supplied  by  the  series  coils.  Of  course,  care  must  be  taken  to  see  that 
the  current  in  the  series  coils  circulates  around  the  field  in  the  same  direc- 
tion as  that  in  the  shunt  coils,  otherwise  the  effect  would  be  to  make  the 
E.  M.  F.  fall  off  with  increasing  load  Instead  of  keeping  it  up.  This  is  the  style 
of  dynamo  used  almost  exclusively  for  electric  haulage  plants,  as  well  as 
plants  for  direct-current  illuminating  purposes. 
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DIREOT-CURRENT    MOTORS. 

Direct-current  motors  are  in  general  almost  identical,  so  fiir  as  com 
tion  goes,  with  direct-current  dynamos.    Motors  are  often  required  to  O] 
ate  under  very  trying  conditions,  as  for  example,  in  mine  haulagre  or  pui 
ing  plants  or  on  the  ordinary  street  car.    For  this  reason,  their  mechar 
construction  often  differs  somewhat  from  that  of  the  dynamo,  tlie  d< 
being  modified  in  such  a  way  as  to  enclose  the  working  parts  as  compld 
as  possible,  and  thus  protect  them  from  dirt  and  injury.    The  tv^o  kinds 
motors  most  conunonly  used  are  the  series  and  shunt  varieties.     Compoun 
wound  motors  are  only  used  for  a  few  special  kinds  of  work.    Practically  I 
of  the  motors  in  use  are  operated  from  constant-pressure  mains;  i.  e.,  t3 
pressure  at  the  terminals  of  the  motor  is  practically  constant,  no  matt 
what  load  it  may  b<B  carrying.    We  will  here  consider  constant-potentil 
motors  only. 

Principles  of  Operation.— If  the  fields  of  an  ordinary  constant-potentil 
dynamo  are  excited  and  a  current  supplied  to  the  armature  from  some  on 
side  source,  such  as  another  dynamo  D,  Fig.  15,  so  that  the  current  enta 

at  -{-B,  and  passing  throug 
the  winding  in  the  diret* 
tion  indicated  bv  tM 
arrowheads,leaves  atbruil 
—  B,  it  will  be  found  thai 
all  of  the  conductors  undcc 
the  S  pole  face,  6,  c,  d,  <»,/, 
and  g,  will  tend  to  move 
downwards,  and  all  thox 
under  the  N  pole  face,  i,  t. 
i,  m,  n,  and  o,  will  tend  to 
move  upwards,  as  indicated 
by  the  small  arron^s. 

These  forces  combine  to 
produce  a  tendency  of  the 
armature  to  rotate  about 
its  axis  as  indicated  by  the 
large  arrows,  which  ten- 
dency is  called  the  torqo« 
of  the  motor. 

The  amount  of  this 
torque— which  is  usually 
expressed  in  ]X)und-feet: 
that  is,  a  certain  number  of  pounds  acting  at  a  radius  of  a  certain  number 
(usually  1)  of  feet— depends  on  (1)  the  strength  of  the  field,  (2)  the  number 
of  conductors,  (3)  their  mean  distance  from  the  axis  of  the  armature,  and 
(4)  the  amperes  in  each  conductor.  In  any  given  machine,  the  second  and 
third  conditions  are  constant,  so  that  the  torque  depends  on  the  strength  of 
the  field  and  the  current. 

If  the  armature  is  stationary,  the  E.  M.  F.  required  to  send  the  current 
through  the  winding  is  only  that  necessary  to  overcome  the  drop,  which  is 
due  to  the  resistance  of  the  winding.  If  the  torque  exerted  by  this  currei?^ 
is  greater  than  the  opposition  to  motion,  so  that  it  causes  the  armature  to 
revolve,  the  motion  of  the  conductors  through  the  field  generates  in  them 
an  E.  M.  F.  that  is  opposed  to  the  E.  M.  F.  that  is  sending  the  current  through  the 
armature. 

This  opposing  E.  M.  F.,  or  counter  E.  M.  F.  as  it  is  called,  then  diminishes 
the  effect  of  the  applied  E.  M.  F.,  so  that  the  current  is  reduced,  reducing 
the  torque.  Should  the  torque  still  be  greater  than  the  opposition  to 
motion,  the  speed  of  the  armature  will  continue  to  increase,  increasing  tie 
counter  E.  M.  F.,  and  thereby  further  reducing  the  current  and  the  cor- 
responding torque,  until  the  torque  just  balances  the  opposition  to  the  m(Mon, 
when  the  speed  will  remain  constant. 

At  all  times,  the  drop  of  potential  through  the  armature  is  equal  to  the 
difference  between  the  counter  and  the  applied  E.  M.  F.'s,  and  as  the  product  of 
this  drop  and  the  current  represents  energy  wasted,  it  is  desirable  to  make  it 
as  low  as  possible.  In  good  motors  of  about  10  H.  P.  output,  the  drop  in 
the  armature  is  seldom  more  than  about  5j6  of  the  applied  E.  M.  F.,  and  is 
less  in  larger  machines. 

This  being  the  case,  it  is  evident  that  if  the  armature  is  at  rest,  so  that  it 


Fig.  15. 


DIRECT'CVRRENT  MOTORS,  221 

^as  no  counter  £.  M.  F.,  and  is  connected  directly  to  the  mains,  a  very  large 
toirrent  will  flow  through  it,  which  would  be  liable  to  damage  tno  armature. 
fKi  this  account  an  external  resistance,  called  a  starling  resUtance^  is  con- 
lected  in  series  with  the  armature  when  it  is  to  be  started.    This  resistance 

Rmade  n*eat  enough  to  prevent  more  than  about  the  normal  current  fbom 
:>vv-ing  through  the  armature  when  it  is  at  rest;  as  the  armature  speeds  up 
md  develops  some  counter  E.  M.  F.,  this  resistance  ifi  gradually  cut  out. 
intil  the  armature  is  connected  directly  to  the  mains,  and  is  running  at 
iormal  speed. 

Tlie  energy  represented  by  the  product  of  drop  in  the  armature  and  the 
current  is  wasted;  that  represented  by  the  product  of  the  current  and  the 
-est  of  the  E.  M.  F..  that  is,  the  counter  £.  M.  F.,  is  the  energy  required  to 
ceep  the  armature  in  motion. 

^sdde  from  the  comparatively  small  amount  of  current  required  to  Aimish 
tlie  torque  necessarv  for  overcoming  the  fictional  losses  in  the  motor  itself, 
w^liich  are  practically  constant,  the  amount  of  current  taken  ftom  the  mains 
is  directly  proportional  to,  and  varies,  automatically  with,  the  amount  of  the 
Bxitemal  load;  for,  if  this  external  load  is  increased,  the  current  which  has 
been  flowing  in  the  armature  cannot  Aimish  suflicient  torque  for  this 
LTicreased  load,  so  that  the  machine  slows  down.  This  decreases  the  counter 
E.  M.  F.,  which  immediately  allows  more  current  to  flow  through  the  arma- 
ture, increasing  the  torque  to  the  proper  amount.  If  the  external  load 
is  decreased,  tne  current  flowing  mrnishes  an  excess  of  torque,  which 
causes  the  speed  to  increase,  increasing  the  counter  £.  M.  F.,  and  de- 
creasing the  current  until  it  again  fUmishes  only  the  required  amount 
of  torque. 

Since  the  counter  E.  M.  F.  is  very  nearly  equal  to  the  applied,  it  is  only 
necessary  for  it  to  vary  a  small  amount  to  vary  the  current  within  wide 
limits.  For  example,  if  the  resistance  of  a  certain  armature  is  1  ohm,  and  it 
is  supplied  with  current  at  a  constant  potential  of  2S0  volts,  then,  when  a 
current  of  10  amperes  is  flowing  through  it,  the  drop  is  10  X 1  =  10  volts, 
and  the  counter  £.  M.  F.  is  250  — 10  =  240  volts.  Now,  if  the  current  is 
reduced  to  1  ampere,  the  drop  is  1 X  1  =  1  volt,  and  the  counter  £.  M.  F.  is 

9 
250— 1  =  249  volts;  that  is,  the  counter  £.  M.  F.  only  varies  -^,  or  3.76)<, 

9 
while  the  current  varies  rg,  or  90jL 

As  stated  before,  the  field  magnets  of  constant-potential  motors  are 
usually  either  shunt-wound  or  series-wound. 

If  shunt-wound,  and  supplied  from  a  constant-potential  circuit,  the  mag- 
netizing force  of  the  field  coils  is  constant,  giving  a  practically  constant 
field.  This  being  the  case,  the  counter  E.  M.  F.  is  directly  proportional  to 
the  speed,  so  that  variations  of  the  load  make  only  slight  variation  in 
the  speed.  A  shunt-wound  motor  is  then  (practically)  a  constant-speed 
motor. 

With  series-wound  motors,  the  strength  of  the  field  varies  with  the  cur- 
rent; if  the  load  on  such  a  motor  is  reduced,  the  excess  of  torque  makes  the 
armature  speed  up,  but  as  the  resulting  decrease  of  the  current  decreases 
the  field  strength,  the  armature  must  speed  up  to  a  much  greater  extent,  in 
order  to  increase  the  counter  E.  M.  F.  to  the  right  degree,  than  would  be 
necessary  if  the  field  were  constant.  If  the  load  is  increased,  the  increase 
in  the  current  so  increases  the  field  strength  that  the  speed  must  decrease 
considerably,  in  order  to  decrease  the  counter  E.  M.  F.  by  the  right  amount. 
The  speed  of  a  series-wound  motor,  then,  varies  largely  with  variations  in 
the  load. 

An  advantage  of  the  series  motor  is  that  if  a  torque  greater  than  the 
normal  is  required,  it  can  be  obtained  with  less  current  than  with  a  shunt 
motor,  since  the  increased  current  increases  the  field  strength,  and  the 
torque  is  proportional  to  both  these  factors. 

It  would  not  be  practicable  to  make  the  field  strength  of  a  shunt  motor 
as  great  as  is  possible  to  get  with  a  series  motor,  since  it  would  require  a 
very  large  magnetizins:  force,  and  with  the  shunt  winding,  this  extra 
magnetizing  force  would  have  to  be  expended  all  the  .time,  whether  the 
strong  field  was  required  or  not,  which  would  be  very  wasteful;  in  the 
series  motor,  however,  this  extra  magnetizing  force  is  only  expended  while 
it  is  needed. 
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A  disadvantage  of  the  series  winding  is  that  if  all  the  load  is  taken  m 
the  current  required  to  drive  the  motor  is  very  small,  making  a  w^eak  fia 
which  requires  such  a  high  speed  to  generate  the  proper  counter  S.  mTm 
that  the  armature  is  liable  to  he  damaged.  In  other  words,  the  motor  vim 
race,  or  run  away,  if  the  load  is  all  removed.  This  cannot  occur  with  tS| 
shunt  motor  as  long  as  the  field  circuit  remains  unbroken. 

On  account  of  the  above  features,  shunt  motors  are  used  to  drivi 
machinery  that  requires  a  nearly  constant  speed  with  varying  loads,  m 
which  would  be  damaged  if  the  speed  should  become  excessive,  such  a4 
ordinary  machinery  in  shops  and  factories,  pumps,  etc.  Series  motors  am 
used  on  street  cars,  to  operate  hoists,  etc.,  where,  on  account  of  the  geajiim 
used,  the  load  cannot  be  entirely  thrown  off,  and  the  torque  required  ai 
starting  and  getting  quickly  up  to  speed  is  much  greater  than  the  normal 
amount. 

Speed  Regulation  of  Motors.— The  torque  of  a  motor  depends  on  the  current; 
that  is,  for  a  given  current,  the  torque  will  be  the  same  whatever  may  be 
the  speed,  provided  the  field  strength  remains  the  same.  The  speed  at 
which  the  armature  runs  is  a  matter  of  E.  M.  F.  only;  that  is,  with  a  given 
current  the  speed  will  be  proportional  to  the  applied  E.  M.  F.,  or,  more 
strictly,  the  counter  E.  M.  F.,  otner  conditions  remaining  the  same. 

It  has  been  shown  that  the  toroue  will  automatically  regulate  itself  for 
changes  in  the  load.  The  speed,  however,  may  be  varied  ny  varying  the 
applied  E.  M.  F.  or  the  strength  of  the  field.  A  change  in  speed  may  or 
may  not  result  in  a  change  in  the  torque  required,  depenaing  on 'the 
character  of  the  work  done  by  the  motor. 

The  simplest  way  to  vary  the  applied  E.  M.  F.  is  to  insert  a  resistance,  in 
series  with  the  armature,  similar  to  the  starting  resistance.  By  varying 
this  resistance,  the  applied  E.  M.  F.  at  the  terminals  of  the  motor  is  also 
varied,  although  the  £.  M.  F.  of  the  mains  remains  constant.     It  is  evident 
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Fig.  16. 

that  the  energy  represented  by  the  product  of  the  current  and  the  drop 
through  the  resistance  is  converted  into  heat,  and  is  thereby  wasted; 
therefore,  for  great  variations  in  speed,  this  method  is  not  economical, 
though  often  very  convenient. 

The  applied  E.  M.  F.  may  also  be  varied  by  varying  the  E.  M.  F.  of  the 
generator  supplying  the  current,  but  this  can  only  be  done  where  a  single 
generator  is  supplying  a  single  motor,  or  several  motors,  whose  speed  must 
all  be  varied  at  the  same  time;  so  that  this  method  is  only  used  in  special 


If  the  strength  of  the  field  is  changed,  the  speed  necessary  to  give  a  cer- 
tain counter  E.  M.  F.  will  also  be  changed,  which  gives  a  convenient 
method  of  varying  the  speed.  If  the  strength  of  the  field  is  lessened,  the 
speed  will  increase,  and  ir  the  field  is  strengthened,  the  speed  will  decrease. 
With  shunt  motors,  the  field  may  be  weakened  by  inserting  a  suitable 
resistance  in  the  field  circuit,  as  in  shunt  dynamos;  with  series  motors  the 
same  result  may  be  obtained  by  cutting  out  some  of  the  turns  of  the  field 
coils  or  by  placing  a  suitable  resistance  in  parallel  with  the  field  ooOs. 

This  method  of  regulation  is  also  of  limited  range,  since  it  is  not  econom- 
ical to  maintain  the  strength  of  the  field  much  above  or  below  a  certain 
density.  The  resistance  method  described  above  being  rather  more  simple, 
it  is  generally  used.  For  special  cases,  such  as  street-railroad  work,  various 
special  combinations  of  the  above  methods  of  regulation  are  used. 

One  of  the  most  common  of  these  is  known  as  the  serieS'parallel  method, 
and  is  the  method  of  regulation  generally  used  at  present  for  operating 
street  cars.  This  method  is  equivalent  to  the  method  of  cutting  down  the 
speed  by  reducing  the  E.  M.  F.  applied  to  the  motor,  and  is  only  applicable 
where  at  least  two  motors  are  used.  It  is  also  used,  to  some  extent,  in 
haulage  plants.  When  a  low  speed  is  desired,  or  when  the  car  is  to  be 
started  up,  the  motors  are  thrown  in  series,  as  shown  in  Fig.  16,  thus  making 
the  voltage  across  each  motor  equal  to  one-half  the  voltage  between  the 
lines,  and  cutting  down  the  speed  accordingly.    When  a  high  speed  is 
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desired,  the  motors  are  thrown  In  multiple,  as  shown  In  Fig.  17,  and  each 
motor  runs  at  full  speed  because  It  gets  the  f^ll  line  pressure.  In  practice, 
starting  resistances  are  used  in  connection  with  the  above  to  make  the 
starting  smooth,  but  the  two  running  positions  are  as  shown,  the  motors 
being:  connected  in  series  in  the  one  case,  and  in  parallel  in  the  other. 

Connections  for  Continuous-Current  Motors.— Fig.  18  shows  the  manner  in 
whicli  a  shunt  motor  is  connected  to  the  terminals  \  and  —  of  the  circuit. 
[t  will  be  seen  that  the  current 
throu^^h  the  shunt  field  does  not 
pass  through  the  reedstance  R 
which  is  connected  in  the  arma- 
ture circuit.  This  i6  necessary, 
since  to  keep  the  field  strength 
constant,  the  ftill  difference  of 
potential  must  be  maintained  be- 
tween the  terminals  of  the  field 
coil,  which  would  not  be  the  case 
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Fig.  17. 


if  the  rheostat  were  included,  in  the  field  current,  for  then  the  diflference  of 

potential  would  be  only  that  existing  between  the  brushes  +  B  and  —  B. 

As  on  starting  the  motor  this  difference  of  potential  is  small,  only  a  small 

current  would  flow  through  the  field  coils,  which  would  generate  such  a 

weak  field  that  an  excessive  current  would  be  required  to  furnish  the 

necessary  torque  for  starting  the  motor. 

When  connected  as  shown,  however,  the  field  is  brought  up  to  its  ftill 

strength  before  any  current  passes  through  the  armature;  so  this  difiiculty 

does  not  arise. 

Since  in  a  series  motor  the  same  current  flows  through  both  atmature  and 

field  coils,  the  starting  resistance  may  be  placed  in  any  part  of  the  circuit. 

The  diagram  in  Fig.  19  illustrates  one  metnod  of  connecting  a  series  motor 
to  the  line  terminals  +  and  — ;  here  the  starting  or  regulating  resistance  R 
is  placed  between  the  —  line  terminal  and  the  brush  —B  of  the  motor. 

To  reverse  the  direction  of  rotation  of  a  motor  it  is  necessary  to  reverse 
either  the  direction  of  the  field  or  the  direction  of  the  current  through  the 
armature.  It  is  usual  to  reverse  the  direction  of  the  current  in  the  arma- 
ture, a  switch  being  used  to  make  the  necessary  changes  in  the  connections. 
Fig.  20  shows  the  connections  of  one  form  of  reversing  switch.  Two 
metal  bars  B  and  Bx  are  pivoted  at  the  points  T  and  7^ ;  one  is  extended 
and  supplied  with  a  handle  H,  and  the  two  bars  are  joined  together  by  a 
link  L  or  some  insulating  material,  such  as  fiber.  Three  contact  pieces  a,  b, 
and  c  are  arranged  on  the  base  of  the  switch  so  that  the  fl'ee  ends  of  the 


Fig.  18. 


Fig.  19. 


bars  B  and  Bi  may  rest  either  on  a  and  b,  as  shown  by  the  full  lines,  or  on  6 
and  c,  as  shown  by  the  dotted  lines.  The  line  is  connected  to  the  terminals 
T  and  7i,  and  the  motor  armature  between  a  and  b,  or  vice  versa,  a  and  c 
being  connected  together. 

When  the  switch  is  in  the  position  shown  by  the  full  lines,  T  is  connected . 
to  a  by  the  bar  £,and  Tx  to  b  by  the  bar  By.  If  the  switch  is  thrown  by 
means  of  the  handle  H  into  the  position  indicated  by  the  dotted  lines, 
Tis  connected  to  b  by  the  bar  B,  and  2i  to  a  by  the  bar  Bx  and  the  connection 
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between  c  and  o.     The  direction  of  the  current  through  tlie 
armature,  or  whatever  circuit  is  connected  between  a  and  6,  is  thus  reve    _ 
In  order  to  reverse  only  the  current  in  the  armature,  the  reversing:  swlti 
must  be  placed  in  the  armature  circuit  only.    Fig.  21  represents  the  coo    " 
tion  for  a  reversing-shunt  motor  (a)  and  a  reven 
series  motor  (6);  +  and  —  are  the  line  terminals;  . 
the  starting  resistance;  B  and  B\,  the  brushes  of  \' 
motor,  and  F^  the  field  coil  of  the  motor.    Some  nu 
ufacturers  combine  the  starting  resistance  and  reve 
ing  switch  in  one  piece  of  appard,tus. 

In  connecting  up  motors,  some  form  of  main  switch 
is  used  to  entirely  disconnect  the  motor  from  tlie  liii* 
when  it  is  not  in  use. 

To  prevent  an  excessive  current  from  flowing 
through  the  motor  circuit  from  any  cause,  short  strips 
of  an  easily  melted  metal,  known  as  fuses,  mounted  on 
suitable  terminals,  known  as  fuse  boxes,  are  placed  in 
the  circuit.  •  These  ftises  are  made  of  such  a  sectional 
area  that  a  current  greater  than  the  normal  heats 
them  to  such  an  extent  that  they  melt,  thereby  breaking  the  circuit  and 
preventing  damage  to  the  motor  from  an  excessive  current.  The  length 
of  ftise  should  be  proportioned  to  the  voltage  of  the  circuit,  a  high  voltage 
requiring  longer  fuses  than  a  low  voltage,  m  order  to  prevent  an  arc  being 
maintained  across  the  terminals  when  the  ftise  melts. 

If  desired,  measuring  instruments  (ammeter  and  voltmeter)  may  be 
connected  in  the  motor  circuit,  so  that  the  condition  of  the  load  on  the 
motor  may  be  observed  while  it  is  in  operation.  All  these  appliances, 
regulating  resistance,  reversing  switch,  ftises,  instruments,  etc.,  are  placed 
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Fig.  21. 

inside  the  main  switch;  that  is,  the  current  must  pass  through  the  mair? 
switch  before  coming  to  any  of  these  appliances,  so  that  opening  the  main 
switch  entirely  disconnects  them  from  the  circuit,,  when  they  may  be 
handled  without  fear  of  shocks. 


ALTERNATING-CURRENT    DYNAMOS. 

An  alternating-current  dynamo  is  one  that  generates  a  current 
that  periodically  reverses  its  direction  of  flow.  It  was  shown  in 
connection  with  JTig.  10  that  an  armature  provided  simply  with  collector 
rings  produced  an  alternating  current  in  the  outside  circuit.  This 
current  may  be  represented  by  a  curve  such  as  that  shown  in  Fig.  22. 
The  complete  set  of  values  that  the 
current  or  E.  M.  F.  passes  through 
repeatedly  is  known  as  a  cycle.  For 
example,  the  values  passed  through 
during  the  interval  of  time  represented 
by  the  distance  ac  would  constitute  a 
cycle.  The  set  of  values  passed 
through  during  the  interval  o  6  is 
known  as  an  alternation.  An  alternation  is,  therefore,  half  a  cycle.  The 
number  of  cycles  passed  through  per  second  is  known  as  i\ie  frequency  ot  the 
current,  or  E.  M.  F. 

Alternating-current  dynamos  are  now  largely  used  both  for  lighting  and 
power  transmission,  especially  when  the  transmission  is  over  long  distances. 
The  reason  that  the  alternating  current  is  specially  suitable  for  long-distance 


Fig.  22. 


ALTERNATORS. 


226 


7ork  is  that  it  may  be  readily  transformed  firom  one  pressure  to  another. 
Ve  lutve  already  seen  that  in  order  to  keep  down  the  amount  of  copper  in 
he  line,  a  high  line  pressure  must  be  used.  Pressures  much  over  500  or  600 
olts  cannot  be  readilv  generated  with  direct-current  machines,  owing  to  the 
roubles  that  are  likely  to  arise  due  to  sparking  at  the  conmiutator.  On  the 
>ther  hand,  an  alternator  reauires  no  commutator  or  even  collecting  rings, 
f  tlie  armature  is  made  stationary  and  the  field  revolving,  as  is  frequenUy 
lone.  Alternators  are  now  built  that  generate  as  hifh  as  8,000  or  10,000  volts 
lirectly.  If  a  still  higher  pressure  is  required  on  the  line,  it  can  be  easily 
>btained  by  the  use  of  transformers,  to  be  explained  later.  It  is  thus  seen 
:hat  where  power  is  to  be  carried  over  long  distances,  the  alternating  current 
^  iiidi8x>ensable. 

Alternating-current  dynamos,  like  direct-current  machines,  consist  of 
two  main  parts,  i.  e.,  the  field  and  armature.  £ither  of  these  parts  may 
be  the  revolving  member, 
i.nd  in  many  modem  ma- 
chines the  armature,  or  the 
part  in  which  the  current 
IS  induced,  is  the  revolving 
member.  Fig.  23  shows  a 
typical  alternator  of  the 
belt-driven  type,  having  a 
revolving  armature.  It  is 
not  unlike  a  direct-current 
machine  as  regards  its  gen- 
eral appearance.  The 
number  of  poles  is  usually 
large,  in  order  to  secure 
the  required  frequency 
without  running  the  ma- 
chine at  a  high  rate  of 
speed.  The  frequencies 
met  with  in  practice  vary . 
all  the  way  fh>m  25  to  150. 
The  higher  frequencies 
are,  however,  passing  out 
of  use,  and  at  present  a 
frequency  of  CO  is  very 
common.  This  flrequency  is  well  adapted  both  for  power  and  lighting  pur- 
poses. When  machines  are  used  almost  entirely  for  lighting  work,  frequen- 
cies of  125  or  higher  may  be  used.  The  frequency  of  any  machine  may  be 
readily  determined  when  the  number  of  poles  and  the  speed  is  known,  as 
follows: 
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Frequency  = 


number  of  poles      rev.  per  min 


X- 


60 


For  example,  if  an  eight-pole  alternator  were  run  at  a  speed  of  900  R.  P.  M., 
the  frequency  would  be 

8       900 
/  =  ^  X  -^  =  60  cycles  per  second. 

Alternators  may  be  divided  into  the  two  following  classes:  (a)  Single- 
phase  alternators;  (b)  Multiphase  alternators. 

(a)  Single-Phase  Alternators.— These  machines  are  so  called  because  they 

fenerate  a  single  alternating  current  (as  represented  by  the  curve  shown  in 
1g.  22).  The  armature  is  provided  iWith  a  single  winding  and  the  two 
terminals  are  brought  out  to  collector  rings,  as  previously  described.  Single- 
phase  machines  have  been  largely  used  in  the  past  for  lighting  work,  but 
they  are  gradually  being  replaced  by  multiphase  machines,  because  the 
single-phase  machines  are  not  well  suited  for  the  operation  of  alternating- 
current  motors. 

(h)  Multiphase  Alternators.— These  machines  are  so  called  because  they 
deliver  two  or  more  alternating  currents  that  differ  in  phase;  i.  e.,  when  one 
current  is,  say,  at  its  maximum  value,  the  other  currents  are  at  some  other 
value.  This  is  accomplished  by  providing  the  armature  with  two  or  more 
distinct  windings  which  are  displaced  relatively  to  each  other  on  the 
armature.  One  set  of  windings,  tnerefore,  comes  under  the  poles  at  a  later 
instant  than  the  winding  ahead  of  it,  and  the  current  in  its  winding  comes 
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to  its  mazlnmm  value  at  a  later  instant  than  the  cmrent  in  the  fiist  wind 
ing.  In  practice,  the  two  types  of  multiphase  alternator  most  cominozil] 
used  are  (1)  two-phase  alternators,  (2)  three-phase  alternators. 

Two-phase  alternstors  are  machines  that  deliver  two  alternating  current! 
that  differ  in  phase  by  one-quarter  of  a  complete  cycle;  i.  e.,  when  tfac 
current  in  one  circuit  Is  at  its  maximum  value,  the  current  in  the  otbei 
circuit  is  passing  through  its  zero  value.  By  tapping  four  equidistant  points 
of  a  regular  ring  armature,  as  shown  in  Fig.  24,  and  connecting  these  points 
to  four  collector  rings,  a  simple  two-pole  two-phase  alternator  is  obtaiiie^l. 
One  circuit  connects  to  rings  1  and  V,  the  other  circuit  connects  to  ring:! 
f  and  i'.  It  is  easily  seen  from  the  figure  that  when  the  part  of  the  winding 
connected  to  one  pair  of  rings  is  in  its  position  of  maximum  action,  tiie 
E.  M.  F.  in  the  other  coils  is  zero,  thus  giving  two  currents  in  the  two 
different  circuits  that  differ  in  phase  by  one-quarter  of  a  cycle  or  one-half 
an  alternation. 

Three-phase  alternators  are  machines  that  deliver  three  currents  that  differ 
in  phase  by  one-third  of  a  complete  cycle;  i.  e.,  when  one  current  is  flowing 
in  one  direction  in  one  circuit,  the  currents  in  the  other  two  circuits  are  one- 
half  as  great,  and  are  flowing  in  the  opposite  direction.  By  tapping  three 
equidistant  points  of  a  ring  winding,  as  shown  in  Fig.  25,  a  simple  three- 
phase  two-pole  alternator  is  obtained.  Three  mains  lead  from  the  collecting 
rings. 

In  order  to  have  three  distinct  circuits,  it  would  ordinarily  be  necessary 
to  have  six  collecting  rings  and  six  circuits;  but  this  is  not  necessary  in  a 
three-phase  machine  if  the  load  is  balanced  in  the  three  different  circuits, 
because  one  wire  can  be  made  to  act  alternately  for  the  return  of  the  other 
two. 

Uses  of  Multlphaae  Alternatora.— Multiphase  alternators  are  coming  laigely 
into  use,  because,  by  using  them,  alternating-current  motors  can  be  readilv 
operated.    By  using  multiphase  machines,  motors  can  be  operated  that  will 


Fig.  24.  Fig.  25. 

start  from  rest  under  load,  whereas  with  single-phase  machines  the  motor 
has  to  be  brought  up  to  speed  from  some  outside  source  of  power  before  it  can 
be  made  to  run.  For  this  reason,  such  machines  are  used  for  the  operation 
of  modem  power-transmission  plants.  As  far  as  the.  general  appearance  of 
three-phase  machines  goes,  they  are  similar  to  ordinarv  single-phase  alter- 
nators, the  only  difference  being  in  the  armature  winding  and  the  larger 
number  of  collector  rings.  The  multiphase  alternator  is  also  adapted  for 
the  operation  of  lights,  so  that  by  using  these  machines,  both  lights  and 
motors  may  be  operated  from  the  same  plant.  They  are  well  adapted  for 
power-transmission  purposes  in  mines,  especially  for  the  operation  of  pump- 
ing and  hoisting  machinery,  because  the  motors  operated  by  them  are  very 
simple  in  construction  and  therefore  not  liable  to  get  out  of  order. 


ALTERNATING-CURRENT    MOTORS. 

Alternating-current  motors  may  be  divided  into  two  general  classes: 
(a)  Synchronous  motors;  (b)  Induction  motors. 

(a)  Synchronous  motors  are  almost  identical,  so  far  as  construction  goes, 
with  the  corresponding  alternator.  For  example,  a  two-phase  synchronous 
motor  would  be  constructed  in  the  same  way  as  a  two-phase  alternator. 
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They  are  called  synchronous  motors  because  they  alivays  run  in  synchro- 
nism, or  in  step,  with  the  alternator  driving  them.  This  means  that  the 
motor  runs  at  the  same  frequency  as  the  alternator,  and  if  the  motor  had 
Uie  same  number  of  poles  as  the 


alternator,  it  would  run  at  the  same 
speed,  no  matter  what  load  it  might 
be  carrying.  This  type  of  motor  has 
many  gooa  points,  and  is  especially 
well  suited  to  cases  where  the 
amounts  of  power  to  be  transmittCMl 
are  comparatively  large  and  where 
the  motor  does  not  have  to  be 
started  and  stopped  frequently. 
Multiphase  synchronous  motors  will 
start  up  from  rest  and  will  run  up  to 
syncbionous  speed  without  aid  from 
any  outside  source.  They  will  not, 
however,  start  with  a  strong  starting 
torque  or  effort,  and  will  not,  there- 
fore, start  up  under  load,  and  can- 
not be  used  m  places  where  a  strong 
starting  effort  is  required.  For  this 
reason  synchronous  motors  are  not 
suitable  for  intermittent  work. 

(&)  Indttotion  motors  are  so  called 
because  the  current  is  Induced  in  the 


Fig.  26. 


&Tmature  instead  of  being  led  into  it  from  some  outside  source.  Fig.  26  shows 
a  typical  induction  motor.  There  are  two  essential  parts  in  these  machines, 
viz.,  the  Jleld,  into  which  multiphase  currents  are  led  from  the  line,  and  the 
armature,  in  which  currents  are  induced  by  the  magnetism  set  up  by  the 
fteld.  Either  of  these  parts  may  be  the  stationary  or  revolving  member,  but 
in  most  cases  the  field,  or  part  that  is  connected  to  the  line,  is  stationary. 
Fig.  27  shows  the  construction  of  the  stationary  member  or  field.  This  con- 
sists of  a  number  of  iron  laminations,  built  up  to  form  a  core  and  provided 
with  slots  around  the  inner  periphery.  The  form-wound  coils  constituting 
the  field  winding  are  placed  m  these  slots  and  connected  to  the  mains.  This 
winding  is  arranged  in  the  same  way  as  the  armature  winding  of  a  multi- 
phase alternator.  When  the  alternating  currents  differing  in  phase  are  sent 
through  the  winding,  magnetic  poles  are  formed  at  equidistant  points  around 

the  periphery  of  the  field,  and 
the  constant  changing  of  the 
currents  causes  these  poles  to 
shift  around  the  ring,  tnus  set- 
ting up  what  is  known  as  a 
revolving  magnetic  field.  This 
armature.  Fig.  28,  consists  of  a 
laminated  iron  core  provided 
with  a  number  of  slots,  in  each 
of  which  is  placed  a  heavy 
copper  bar  6.  The  ends  of 
these  bars  are  all  connected 
together  by  two  heavy  short- 
circuiting  rings  r,r  running 
around  each  end  of  the  arma- 
ture. The  bars  and  end  rings 
thus  form  a  number  of  closed 
circuits.  When  such  an  arma- 
ture is  placed  in  the  revolv- 
ing field,  the  magnetism  will 
cut  across  the  armature  con- 
ductors, inducing  E.  M.  F.'s 
in  them,  and  since  the  conduc- 
tors are  joined  up  into  closed 
circuits,  currents  will  flow  in 
them.  These  currents  will 
react  on  the  field,  and  the  armature  will  be  forced  to  revolve.  Such  an 
armature  will  not  run  exactly  in  synchronism,  because  if  it  did,  it  would 
revolve  just  as  fast  as  the  magnetic  field,  and  there  would  be  no  cutting  of 
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lines  of  force.    The  speed  drops  slightly  fix>m  no  load  to  fUll  load,  but  if  the 
motor  is  well  designed,  this  falling  ofif  in  speed  is  slight. 

Induction  motors  possess  many  advantages  for  mine  work.  One  of  the 
chief  of  these  is  the  absence  of  the  commutator  or  any  kind  of  sliding  con- 
tacts whatever.  Such  motors  can 
therefore  operate  with  absolutely 
no  sparking— a  desirable  feature 
for  mine  work.  The  motors  are 
also  very  simple  in  construction, 
and  are  therefore  not  liable  to 
get  out  of  order.  They  have  an 
additional  advantage  over  the  syTi- 
chronous  motor  in  that  they  start 
up  with  a  strong  starting^  effort, 
and,  in  fact,  behave  in  most  re- 
spects like  any  good  shunt-wound 
direct-current  motor.  They  are 
used  quite  successfully  for  all 
kinds  of  stationary  work,  such  as 
pumping,  hoisting,  etc.,  but  so  far 
have  not  been  used  to  any  great 
extent  for  haulage  purposes. 
When  these  motors  are  used  for 
purposes  where  a  variable  speed  is 
required,  it  is  customary  to  pro- 
vide the  armature  with  a  winding  similar  to  that  of  the  field  and  bring  out 
the  terminals  to  collecting  rings,  so  that  resistance  may  be  inserted  in  the 
armature  circuit. 


TRANSFORMERS. 

Reference  has  already  been  made  to  the  use  of  transformers  for  changing 
an  alternating  current  from  a  higher  to  a  lower  pressure,  or  vice  versa,  with 
a  corresponding  change  in  current.  Transformers  used  for  raising  the  volt- 
age are  known  as  step-up  transformers;  those  used  for  lowering  the  pressure 
are  known  as  step-down  transformers. 

The  transformer  consists  of  a  laminated  iron  core  upon  which  two  coils 
of  wire  are  wound.  These  coils  are  entirely  distinct,  having  no  connection 
with  each  other.  One  of  these  coils,  called  the  primary,  is  connected  to  the 
mains;  the  other  coil,  called  the  secondary,  is  connected  to  the  circuit  to 
which  current  is  delivered.  Fig.  29  shows  the  arrangement  of  coils  and  core 
for  a  common  type  of  transformer.  The  secondary 
coil  is  wound  in  two  parts  S,  S',  and  the  primary  coil, 
also  in  two  parts  P,  P, 
is  placed  over  the  sec- 
ondary. C  is  the  core, 
built  up  of  thin  iron 
plates.  Fig.  30  shows  a 
weather-proof  cast-iron 
case  for  tnis  transformer. 
When  a  current  is  sent 
through  the  primary  it 
sets  up  a  magnetism  in 
the  core  which  rapidly 
alte mates  with  the 
changes  in  the  current. 
This  changing  magnet- 
ism sets  up  an  alterna- 
ting E.  M.  F.  in  the  sec- 
ondary, and  this  second- 
ary E.  M.  F.  depends 
upon  the  number  of  turns  in  the  secondary  coil.  If  the  secondary  turns  are 
greater  than  the  primary,  the  secondary  E.  M.  F.  will  be  higher  than  that 
of  the  primary.  The  relation  between  the  primary  E.  M.  F.  and  secondary 
E.  M.  F.  is  given  by  the  following: 

secondary  E.  M.r.=  pri™^E.M.F.X?^-^^^ 
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Fig.  29. 


Fig.  30. 
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secondary  E.  M.  F.  -  E^n^M,  F, 
primary  turns 
secondary  turns 
primary  turns 


The  ratio 


is  known  as  the 


secondary  turns 
ratio  of  transformation  of  the  transformer. 
For  example,  if  a  transformer  had  1,200  pri- 
mary turns  and 
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secondary  turns,  its 
ratio  of  transforma- 
tion would  be  20  to  1,  Fig.  32. 
and  the   secondary 

voltage  would  be  one-twentieth  that  of  the  primary. 
Tranuormers  are  made  for  a  number  of  different 
ratios  of  transformation,  the  more  common  ones 
being  10  to  1  or  20  to  1.  Of  course,  a  transformer 
never  gives  out  quite  as  much  power  from  the  sec- 
ondary as  it  takes  in  ftt>m  the  primarv  mains, 
because  there  is  always  some  loss  in  the  iron  core 
and  in  the  wire  making  up  the  coils.  The  efficiency 


Fig.  33. 

of  transformers  is,  however,  high,  reaching  as  high  as  97^  or  98^  in  the 
larger  sizes.  Transformers  are  always  connected  in  parallel  across  the 
mains,  and  if  they  are  well  designed,  will  ftimish  a  very  nearly  constant 
secondary  mressure  at  all  loads,  when  furnished  with  a  constant  primary 
pressure.  Fig.  31  shows  transformers  connected  on  a  single-phase  circuit. 
Fig.  32  shows  the  connection  for  a  two-phase  circuit,  and  Fig.  33  shows 
one  method  of  connection  for  a  three-phase  circuit. 
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BATTERIES. 

Batteries  are  used  for  various  purposes  in  connection  with  mining  work, 
principally  for  the  operation  of  bells  and  signals. 
The  Ledanchi  cell  is  one  that  is  widely  used  for 
bell  and  telephone  work.    It  is  made  in  two  or 
three  different  forms, 
one  of  the  most  com- 
mon of  these  being  as 
shown  in  Fig.  34  (a). 
The  zinc   element  of 
this  battery  is  in  the 
form  of  a  rod  2,  and 
weighs  about  3  oz.  The 
other  electrode  is  a  car- 
bon plate  placed  in  a 
porous    cup  and   sur- 
rounded   with    black 
oxide  of   manganese, 
mixed    with    crushed 
coke  or  carbon.    The 
electrolyte   used    in 

the  battery  is  a  satura-  fa)  ,  ^  (Zn((^) 

ted  solution  of  sal  Fig.  S4:"^^^^*^  o 
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ammoniac.  The  E.  M.  F.  of  this  cell  is  about  1.48  volts  when  the  cell  is  in 
good  condition.  In  another  form  of  the  cell,  known  as  the  Qonda  type,  the 
black  oxide  of  manganese  is  pressed  into  the  form  of  bricks  and  clamped 
against  each  side  of  the  carbon  plate  by  means  of  rubber  bands.  This  cell 
will  do  good  work  if  it  is  only  used  intermittently,  i.  e.,  on  circuits  where 
the  insulation  is  good  and  where  there  is  no  leakage  causing  the  cell  to  give 
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Fig.  36. 


out  current  continuously.     If  current  is  taken  from  it  for  any  length  of 
time,  it  soon  runs  down,  but  will  recui)erate  if  allowed  to  stand. 

In  cases  where  the  insulation  is  apt  to  be  poor,  as  it  often  is  in  mines, 
it  is  best  to  use  a  battery  that  will  stand  a  continuous  delivery  of  current  and 
that  will  at  the  same  time  operate  all  right  on  intermittent  work  or  on  work 
where  the  circuit  is  open  most  of  the  time.  For  work  of  this  kind,  cells  of 
the  Edison-Lalande  or  Gordon  type  are  excellent.  Fig.  34  (6)  shows  the 
Edison-Lalande  cell.  The  elements  consist  of  two  zinc  plates  Z,  hung  on 
each  side  of  a  plate  of  compressed  cupric  oxide  C.  The  electrolyte  is  a  satu- 
rated solution  of  caustic  potash,  and  this  should  be  kept  covered  with  a 
layer  of  heavy  paraflftn  oil,  to  prevent  the  action  of  the  air  on  the  solution. 
The  voltage  of  the  cell  is  only  .7  volt,  but  its  internal  resistance  is  very  low 
and  its  current  capacity  correspondingly  large.  The  electrolyte  used  in  the 
Gordon  cell  is  also  caustic-potash  solution,  and  the  two  cells  are  much  the 
same,  so  far  as  their  general  characteristics  are  concerned.  The  table  on 
page  231  gives  data  relating  to  a  number  of  different  types  of  cell. 


BELL  WIRING. 


The  simple  bell  circuit  is  shown  in  Fig.  35,  where  p  is  the  push  button,  b 
the  bell,  and  c,  c  the  cells  of  the  battery  connected  up  in  series.  When  two 
or  more  bells  are  to  be  rung  from  one  push  button,  they  may  be  joined  up 
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Fig.  38. 

in  parallel  across  the  battery  wires,  as  in  Fig.  37  at  a  and  6,  or  they  may  be 
arranged  in  series,  as  in  Fig.  36.  The  battery  B  is  indicated  in  each  diagram 
by  short  parallel  lines,  this  being  the  conventional  method.  In  the  parallel 
arrangement  of  the  bells,  they  are  independent  of  each  other,  and  the 
failure  of  one  to  ring  would  not  aflTect  the  others;  but  in  the  series  grouping, 
all  but  one  bell  must  be  changed  to  a  single-stroke  action,  so  that  ea<3i 
'mpulse  of  current  will  produce  only  one  movement  of  the  hammer.  The 
urrent  is  then  interrupted  by  the  vibrator  in  the  remaining  bell,  the  result 
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being  that  each  bell  will  ring  with  full  power.    The  only  change  necea 
to  produce  this  effect  is  to  cut  out  the  circuit-breaker  on  all  biit  one  bel 

connect 


Fig.  39. 


r:^: 


Fig.  40. 


Fig.  41. 


^         Fig.  42. 


f-^r\      two  places  some  distance  apart, 

I    I         wires  may  be  run  as  shown  in  I 

7^        38.    The  pushes  p,  p'  are  located 

vJ         the  required  points,  and  the  batt 

and  bell  are  put  in  series  with  ec 

other  across  the  wires  joining  1 

pushes. 

A  single  wire  may  be  used  to  ri 
signal  bells  at  each  end  of  a  line,  1 
connections  being  given  in  Fig. 
^  Two  batteries  are  required,  B  a 
B\  and  a  key  and  bell  at  each  s 
tion.  The  keys  jfe,  ik'  are  of  t 
double-contact  type,  making  connectic 
normally  between  bell  b  or  b'  and  li 
wire  L.  When  one  key,  as  k,  is  depress 
a  current  from  B  flows  along  tne  w 
through  the  upper  contact  of  P  to  bell 
and  back  through  ground  plates  G^,  G. 
When  a  bell  is  intended  for  use  as 
alarm  apparatus,  a  constant-ringi 
attachment  may  be  introduced,  wni 
closes  the  bell  circuit  through  an  exi 
wire  as  soon  as  the  trip  at  door  or  wind* 
is  disturbed.  In  the  diagram.  Fig.  40,  t 
main  circuit,  when  the  push  p  is  depress 
is  through  the  automatic  drop  d  by  way 
the  terminals  a,  6  to  the  bell  and  batte: 
This  current  releases  a  pivoted  arm  whi< 
on  falling,  completes  the  circuit  betwe 
b  and  c,  establishing  a  new  path  for  t 
current  by  way  of  e,  independent  of  t 
push  p. 

For  operating  electric  bells,  any  go 
type  of  open-circuit  battery  may  be  uk 
The  Leclanch6  cell  is  largely  used  for  tl 
purpose,  also  several  types  of  dry  cells. 
Annunciator  Syatem.— The  wiring  d 
gram  for  a  simple  annunciator  system 
shown  in  Fig.  42.  The  pushes  1,  «,  5,  el 
are  located  in  various  places,  one  side  being  co 
nected  to  the  battery  wire  6,  and  the  other  to  tl 
leading  wire  I  in  communication  with  the  annu 
ciatordrop  corresponding  to  that  place.  A  bi 
tery  of  two  or  three  Leclanch6  cells  is  i)lac( 
at  B  in  any  convenient  location.  The  size 
wire  used  throughout  may  be  No.  18  annuncl 
tor  wire. 

A  return-oall  system  is  illustrated  in  Fig.  41, 
which  there  is  one  battery  wire  5,  one  retuj 
wirer,  and  one  leading  wire  Zi.ij,  etc.  for  ea( 
place.  The  upper  portion  of  the  annunclat 
Doard  is  provided  with  the  usual  drops,  and  belo 
these  are  the  return-call  pushes.  These  a 
double-contact  buttons,  held  normally  agaio 
the  upper  contact  by  a  spring.     When  in  tfa 


SELL  WJRIKO, 


233 


portion,  the  closing  of  the  circuit  by  the  ptish  button  in  any  room,  such  as 
No.  J^  rings  the  office  beU  and  releases  No.  U  drop,  the  path  of  the  current  in 


Fig.  43. 

this  case  being  firom  push  U  to  a-c-d-e-f-g-B-k-b 
back  to  the  push  button.  On  the  return  sig- 
nal being  made  by  pressing  the  button  at  the 
lower  part  of  the  annunciator  board,  the 
office-bell  circuit  is  broken  at  d,  and  a  new 
circuit  formed  through  k  as  follows:  From 
the  battery  B  to  g-m-^-n-iHX-c-k-p  to  battery, 
the  room  bell  being  in  this  circuit.  A  gen- 
eral fire-alarm  may  be  added  to  this  system, 
consisting  of  an  automatic  clockwork  appa- 
ratus for  closing  all  the  room-bell  circuits  at 
once,  or  as  many  at  a  time  as  a  battery  can 
ring.  When  this  system  is  installed,  the  bat- 
tery wire  should  be  either  No.  14  or  No.  16. 
Four  or  five  Leclanch6  cells  are  usually  re- 
quired in  this  case. 

It  will  be  seen  that  the  connections  are 
so  arranged  that  the  room  bell  will  ring  when 
the  push  in  that  room  is  pressed.  If  this  be 
not  desired,  a  double-contact  push  may  be 
substituted,  so  that  the  room-bell  circuit  is 
broken  at  the  same  time  that  the  circuit  is 
made  through  the  annunciator.  This  double 
push  should  be  so  connected  that  the  circuit 
18  normally  complete  through  the  bell,  the 
leading  wire  being  connected  to  the  tongue, 
and  the  battery  wire  being  connected  to  the 
second  contact  point,  which  is  normally  out 
of  circuit. 

Telephones  are  also  used  for  signaling  and 
communicating  purposes.  It  has  been  found 
that  a  first-class  long-distance  bridging  tele- 
phone is  the  best  type  to  use.  Bridging  tele- 
phones are  so  called  oecause  they  are  bridged 
or  connected  in  parallel  across  the  line,  and 
are  not  connected  in  series.  If  one  telephone 
should  get  out  of  order,  the  others  are  not 
likely  to  be  disabled.  Fig.  43  shows  a  com- 
plete bell  annunciator  and  telephone  outfit. 
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as  installed  in  one  of  the  anthrac 
coal  mines  of  the  D.,  L.  &  W.  R.  R.  ( 
It  will  be  noticed  that  bridging  insti 
ments  are  used  and  that  each  bell 
the  shaft  is  provided  with  a  retui 
call  button.  This  bell  wiring  shou 
be  put  up  in  a  substantial  mann< 
and  it  is  best,  if  possible,  to  run  all  t 
wires  down  the  shaft  in  the  shape  o) 
lead-covered  cable. 

Another  shaft-signaling  apparat 
is  shown  in  Fig.  44,  as  used  at  tl 
West  Vulcan   mines,    Mich.     Fig. 


Fig.  44. 


Fig.  45. 


shows  a  form  of  waterproof  push  bu 
ton  used  at  the  same  mine.  Fig.  { 
shows  the  arrangement  of  flash  signal 
as  used  in  Montana.  This  consists  c 
a  switch  cut  into  this  main  circuit  8 
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each  level  of  the  mines.  By  pulling  out  the  handle  bar 
of  the  switch,  the  lights  on  this  circuit  can  all  be  flashed 
&t  once,  and  by  a  properly  arranged  code  of  flash  sig- 
nals, the  system  can  be  used  for  communicating  between 
t;he  surface  to  any  part 
of  the  mine,  and  between 
different  portions  of  the 
xnine. 

A  system  of  signaling 
"by  which  signals  can  be 
sent  to  the  engine  room 
trom.  any  point  along  the 
liaula^reroad  is  shown  in 
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Fig.  47. 


Fig.  47.  The  conductors  a  and  6,  leading  from  the  battery 
run  parallel  to  each  other  along  the  roadside,  and  about 
6  in.  apart.  A  short  iron  rod,  placed  across  the  wires  a,  b, 
signals  to  the  engineer,  or  by  simply  bringing  the  two  wires 
together  a  signal  may  be  sent. 

When  the  ennneer  hauls  from  different  roads,  the  signal- 
ing system  should  be  supplemented  with  indicators,  so  that 
when  the  bell  rings  the  indicator  would  show  from  which 
point  the  signal  came,  and  in  case  several  signals  were 
given  at  the  same  time,  the  engineer  should  not  heed  any 
until  the  indicator  shows  that  a  complete  signal  came 
from  one  place. 

A  system  of  signaling  for  showing  whether  or  not  a 
section  of  track  is  occupied  by  another  motor  is  shown 
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Fig.  48. 

in  Fig.  48.  White  lights  indicate  a  clear  track  and  dark- 
ness an  occupied  section.  A  single-center  hinge,  double- 
handle  switch  at  each  signal  station  is  used  and  a  touch  of  Fio.  46. 
the  handle  throws  the  switch  in  the  desired  direction.  The 
switches  are  placed  in  the  roof,  4i  ft.  above  rails  within  easy  reach  of  motor- 
man.  Fig.  48  shows  the  connections.  Each  switch  is  provided  with  a  spring 
(not  shown  in  the  figure)  which,  drawing  across  the  center  hinge,  when  the 
handles  are  in  their  central  position,  insures  a  perfect  contact  when  the 
switch  is  inclined  toward  either  the  trolley  or  rail-terminal  plug. 
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The  prospector  should  have  a  general  knowledge  of  the  mineral-bearing 
strata,  and  should  know  from  the  nature  of  the  ledges  exposed  whether  to 
expect  to  find  mineral  or  not.  He  should  also  possess  such  a  Knowledge  of  the 
use  of  tools  as  will  enable  him  to  construct  simple  structures,  and  a  sufficient 
experience  in  blacksmithing  to  enable  him  to  shar];>en  picks  and  drills,  or 
to  set  a  horseshoe,  if  necessary. 

Outfit  NecMSsry.— The  character  of  the  prospectinsr  being  carried  on  will 
have  considerable  effect  on  the  outfit  necessary,  which  should  always  be  as 
simple  as  possible.  In  general,  when  operating  In  a  settled  country,  the 
outnt  is  as  follows:  A  compass  and  clinometer  for  determining  the  dip  and 
strike  of  the  various  measures  encountered;  a  pick  and  shovel  for  excavating, 
and,  where  rock  is  liable  to  be  encountered,  a  set  of  drills,  hammer,  spoon 
for  cleaning  the  holes,  tamping  stick,  powder  and  frise,  or  dynamite  fhse 
and  cap;  a  blowpipe  outfit;  a  small  magnifying  ^lass;  an  aneroid  barometer 
for  determining  elevations,  and  a  small  hand  pick;  the  latter  should  weigh 
about  U  lb.,  and  should  have  a  pick  on  one  end  and  a  square-faced  ham- 
mer on  the  other,  the  handle  being  from  12  to  14  in.  long. 

If  the  region  under  consideration  has  been  settled  for  some  time,  there 
will  probably  be  geological,  county,  railroad,  or  other  ma^  available. 
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These  may  not  be  accurate  as  to  detail,  but  will  be  of  great  assistance  in 
work  on  account  of  the  fact  that  they  give  the  course  of  the  railro 
streams,  etc. 

When  operating  in  a  mountainous  region,  away  from  a  settled  coan 
and  especially  when  searching  for  precious  metals,  the  following  materi 
in  addition  to  that  already  mentioned,  may  be  required:  A  donkey  or  p 
packed  with  a  couple  of  neavy  blankets,  an  A  tent,  cooking  utensils,  etc 
supply  of  flour,  sugar,  bacon,  salt,  baking  powder,  and  coffee,  sufficient 
at  least  a  month.  It  is  also  well  to  take  some  fruit,  but  all  fruit  contain 
stones  or  pits  should  be  avoided,  as  they  are  only  dead  weight,  and  ev 
pound  counts.  For  the  same  reason,  canned  goods  should  be  avoided, 
account  of  the  large  amount  of  water  they  contain.  A  healthy  man  i 
require  about  3  lb.  of  solid  food  per  day.  Many  prefer  to  vary  the  diet 
taking  rice,  corn  meal,  beans,  etc.,  in  place  of  a  portion  of  the  flour. 

The  additional  tools  necessary  are  an  ax,  a  pan  for  washing  gold  c 
making  concentrating  tests,  etc.,  and,  in  some  cases,  an  assay  fUma 
and  outfit  packed  upon  another  animal.  Where  game  is  abundant,  a  ^ 
gun  or  rifle  will  be  found  useAil  for  supplying  fresh  meat.  In  regii 
abounding  in  swamps  it  becomes  necessary  to  operate  from  canoes,  or 
take  men  for  ];)orters  or  packers,  who  carry  the  outfit  on  their  backs 
heads.    These  men  will  carry  from  60  to  125  lb. 

Plan  of  Operations.— When  the  presence  of  mineral  is  suspected  in  a  tr 
of  land,  a  tnorough  examination  of  the  surface  and  a  study  of  the  expo; 
rocks,  in  place,  may  result  in  its  immediate  discovery,  or  in  positive  pr 
of  its  absence;  or  it  may  result  in  still  fUrther  increasing  the  doubt  of,  or  i 
belief  that,  it  does  exist.  The  first  procedure  in  prospecting  a  tract  of  Is 
is  to  thoroughly  traverse  It,  and  note  careftiUy  any  stidns  or  traces  of  sm 
and  all  outcrops  of  every  description;  and,  whenever  possible,  take  the  < 
and  the  course  of  the  outcrop  with  a  pocket  compass.  Any  fossils  shoi 
also  be  carefully  noted,  to  assist  in  determining  the  geolo^cal  age  of  i 
region.  These  outcrops  are  frequently  more  readily  found  along  roads 
streams  than  any  other  place  on  the  tract.  In  traveling  along  the  streai 
the  prospector  should  pay  particular  attention  to  its  bed  and  oanks,  to  ; 
whether  there  are  any  small  particles  of  mineral  in  the  bed  of  the  strea 
or  any  stains  or  smut  exposed  along  the  washed  banks.  If  small  pieces 
mineral  are  found  in  the  stream,  a  search  up  it  and  its  tributaries  will  sh 
where  the  outcrop  from  which  the  find  came  is  located.  When  the  ravii 
and  valleys  are  so  filled  with  wash  that  no  exposures  are  visible,  and  nothi 
is  gained  by  a  carefUl  examination  of  them,  the  prospector  must  rely 
topographical  features  to  guide  him. 

Any  gold  present  in  the  vein  material  usually  remains  in  the  float  as  fi 
or  metallic  gold,  but  other  valuable  metals  are  often  leached  out.  The  fi 
that  the  float  itself  may  be  barren  does  not  indicate  that  it  may  not  ha 
come  from  a  very  rich  deposit,  and  hence  it  will  often  pay  to  follow  ban 
float,  since  the  outcrop  of  the  vein  itself  is  often  either  entirely  barren,  V 
grade,  or  of  a  different  nature  from  the  deeper  deposits.  In  cases  wh< 
there  are  no  outcrops  or  any  other  surface  indications,  it  would  beco] 
necessary  to  sink  shafts  or  tesi  pits,  or  to  proceed  by  drilling. 

The  absence  of  any  indication  of  mineral  in  the  soil  may  not  prove  tl 
there  is  not  an  outcrop  near  at  hand,  for  the  soil  is  frequently  brought  frc 
a  distance,  and  bears  no  relation  to  the  material  underlying  it.  In  li 
manner,  glacial  soil  often  contains  debris  transported  from  deposits  mai 
miles  away;  but  such  occurrences  can  usually  be  distinguished  hy  the  gc 
eral  character  of  the  associated  wash  material. 

Frequently,  the  weathered  outcrop  of  a  deposit  has  been  overturned 
dragged  back  upon  itself,  so  as  to  indicate  the  presence  of  a  very  thi( 
deposit.  For  this  reason,  any  ox)enings  made  to  determine  the  character 
the  material  should  be  continued  until  the  coal  or  other  mineral  is  of  a  fii 
character,  and  both  floor  and  roof  are  well  exposed.  Sometimes,  in  the  ca 
of  steeply  pitching  coal  beds,  the  surface  may  be  overturned  for  a  conside 
able  depth,  so  that  it  is  difficult  to  tell  which  is  the  roof  and  which  is  tl 
floor,  usually,  if  Stlgmariae  are  found  in  the  rocks  of  one  wall,  it  is  suppose 
that  this  wall  is  the  floor  of  the  seam,  while  if  Sigillariffi,  fern  leaves,  etc.  a 
found  in  the  wall  rock,  it  is  probably  the  roof  of  the  deposit.  These  inc 
cations  are  not  positive  proof,  for  both  of  these  fossils  may  occur  in  elth 
the  top  or  bottom  wall  of  a  coal  deposit,  though  they  are  usually  found  J 
♦be  positions  noted.  Coal,  clay,  gypsum,  salt,  etc.  usually  occur  in  unalten 
t)osits,  i.  e.,  in  rocks  that  have  not  undergone  metamorphlsm. 
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The  accoinpan3ring  table  ^ves  the  names  of  the  yarious  geological  periods, 
both  as  they  occur  in  Amenca  and  their  foreign  equivalents,  together  with 
the  name  of  the  principal  form  of  life  during  each  period.  Tne  various 
terms  employed  in  geology  are  defined  in  the  gfossary. 
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Metals  and  metallic  ores  usually  occur  in  rocks  that  have  unde 
more  or  less  metamorphism.  This  change  may  have  been  accoxnpanii 
heat  and  volcanic  disturbances  sufficient  to  render  the  rocks  tnoro 
crystalline,  or  it  may  simply  have  been  the  converting  of  limestoiK 
dolomite. 

The  prospector  for  metals  usually  avoids  regions  in  which  the  rocks 
been  wholly  unaltered;  while,  on  the  other  hand,  a  region  coverc 
extensive  flows  of  basalt  is  generally  barren.  As  the  vein  filling  of 
metal-bearing  deposits  has  been  deposited  from  circulating  water,  it  s 
to  reason  that  porous  rock  formations  are  more  favorable  to  the  occur 
of  metallic  ores  than  are  hard,  dense,  rock  formations.  As  a  rule 
deposits  are  more  common  at  the  junction  of  two  dissimilar  rock  forma 
as,  for  instance,  the  contact  between  limestone  and  porphyry. 

When  a  prospector  is  operating  in  any  particular  region,  it  is  b< 
study  carefully  the  conditions  of  that  region  before  proceeding,  as 
factors  as  lack  of  rain,  frozen  ground,  etc.  may  have  played  an  impo 
part  in  determining  the  character  of  placer  or  iVagmentary  deposits 
the  outcrop  and  surface  appearance  of  other  deposits.  Expenence  obti 
in  one  region  is  frequently  verv  misleading  when  applied  in  another. 

Coal  or  Bedded  Mitefials.— The  presence  of  the  outcrop  of  any  bed 
often  be  located  by  a  terrace  caused  by  the  difference  in  the  hardness  o 
strata;  but  as  any  soft  material  overlaying  a  hard  material  will  form  i 
race,  it  is  necessary  to  have  some  means  of  distinguishing  a  coal  o: 
terrace  from  one  caused  by  worthless  material.  Usually,  the  outcrop 
coal  terrace  will  be  accompanied  by  springs  carrying  a  greater  or  less  am 
of  iron  in  solution,  which  is  deposited  as  ochery  films  upon  the  stones 
vegetable  matter  over  which  the  water  flows.  The  outcrops  of  beds  of 
or  other  ores  are  very  frequently  marked  by  mineral  spring.  Soxnet 
the  outcrop  of  a  bed  will  be  characterized  by  a  marked  difference  ii 
vegetation,  as,  for  instance,  the  outcrop  of  a  bed  of  phosphate  rock 
luxuriant  line  of  vegetation,  the  outcrop  of  a  mineral  bed  by  a  lac 
vegetation,  the  outcrop  of  a  coal  bed  contained  between  very  hard  r 
by  more  luxuriant  vegetation  than  the  surrounding  country,  etc.  S 
indication  as  to  the  dip  and  strike  of  the  material  composing  the  bed 
be  obtained  by  examining  the  terrace  and  noting  the  deflections  fh) 
straight  line  caused  by  the  changes  in  contour  of  the  ground.  If  the  vi 
tion  occasioned  by  a  depression  is  toward  the  foot  of  the  hill,  the  bed  dij 
the  same  direction  with  the  slope  of  the  ground;  but  if  the  deflectic 
toward  the  top  of  the  hill,  the  dip  is  the  reverse  fi:om  the  slope  of 
ground,  or  into  the  hilL  After  any  terrace  or  indication  of  the  outcrop 
bed  has  been  discovered-,  it  will  be  necessary  to  examine  the  outcro] 
means  of  shafts,  tunnels,  or  trenches.  The  position  of  such  openings 
depend  on  the  general  character  of  the  terrace.  If  the  dip  appears  t< 
with  the  hill,  a  trench  should  be  started  below  the  terrace  and  continue 
and  across  it;  while  if  the  dip  appears  to  be  into  the  hill,  it  may  be 
to  sink  a  shallow  shaft  above  the  terrace. 

Formations  Likely  to  Contain  Coal.— No  coal  beds  of  importance  have  as 
been  found  below  the  Carboniferous  period,  but  coal  may  be  looked  fo 
any  stratified  or  sedimentary  rocks  that  were  formed  after  this  per 
although  the  bulk  of  the  best  coal  has,  up  to  the  present  time,  been  foi 
in  the  Carboniferous  period.  As  a  rule,  nighly  metamorphic  regions  < 
tain  no  coal,  and  the  same  may  be  said  of  regions  composed  of  volcani 
igneous  rocks.  An  examination  of  the  fossils  contained  in  the  rocks  of  i 
locality  will  usually  determine  whether  they  belong  to  a  period  beloii 
above  the  Carboniferous,  and  hence  whether  there  is  a  probability  of 
formations  containing  coal.  On  account  of  this  fact,  the  prospector  sho 
familiarize  himself  with  the  geological  periods,  and,  by  referring  to  i 
elementary  geology,  with  the  most  common  fossils  of  the  various  peric 
The  rocks  most  common  in  coal  measures  are  sandstones,  limestones,  shi 
conglomerates,  fireclays,  and,  in  some  localities,  the  coal  deposits 
ITeauently  associated  with  beds  of  iron  ore. 

Ore  deposits,  as  is  well  known,  are  generally  found  in  mountain^ 
districts,  rather  than  in  the  undisturbed  horizontal  strata  of  the  plains  i 
mountain  parks— usually  deep  in  the  core  and  center  of  the  mount 
system,  rather  than  along  their  flanking  foot-hills.  Consequently,  not  o: 
are  the  prairies  and  flat  portions  of  the  mountain  x>arks  to  be  avoided,  1 
also  the  zone  of  uptilted  strata  on  the  edges  of  prairies  and  parks,  commoi 
^Alled  hogbacks.     These  hogbacks  are  the  natural  "habitat"  of  n 
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economic  products  as  coal,  petroleum,  building  stone,  clays,  etc.,  but  not  often 
of  tiie  precious  metals.  The  reason  for  this  appears  to  be  that  the  latter  are 
commonly  found  to  be  associated  with  evidences  of  more  or  less  heat.  In 
the  Rocky  Mountains  they  are  rarely  found  except  where  volcanic  eruptions 
liave  at  some  time  been  active,  or  where  the  strata  have  been  changed  or 
metamorpliosed  and  crystallized  by  heat. 

As  metallic  ore  bodies  occupy  fissures  and  other  openings  in  the  earth's 
crust,  we  must  go  to  regions  where  the  greatest  disturbances  and  uplifts 
have  occurred,  accompanied  bv  the  greatest  rending  and  contortions  of  the 
rocks,  and  ^eruptions  of  volcanic  matter. 

As  a  broad  assertion,  we  may  say  that  the  greater  part  of  any  mountain 
region  is  a  prospecting  field,  with  the  exception  of  those  areas  we  have 
restricted  as  unpromising.  But  over  this  wide  area  of  more  or  less  metamor- 
phosed and  crystalline  rocks,  there  are  regions  and  localities  where  the 
precious  metals  have  already  been  found,  and  others  where  on  geolosical 
grounds  they  are  most  likely  yet  to  be  found,  and  those  are  genenuly  where 
eruptdye  forces  have  been  especially  active,  where  once  molten  eruptive 
rocKs  are  most  abundant,  and  the  disturbance  and  crystallizing  of  the  strata 
most  pronounced. 

Position  of  Veins  snd  Ore  Deposits.~Ores,  as  a  rule,  are  to  be  looked  for  at 
the  junction  of  any  two  dissimilar  rocks,  rather  than  in  the  mass  of  those 
rocks.  However,  there  are  many  exceptions  to  this,  where  the  mass  of  a 
decomx)Osed  dike  or  sheet  of  porphyry  has  been  impregnated  by  fi:ee  gold  or 
gold-bearing  pyrites,  and  the  whole  rock  is  practically  a  gold  vein.  In  this 
mass,  the  richest  gold  is  often  found  in  a  network  of  little  quartz  veins  run- 
ning through  the  porphyry  mass.  Some  of  our  richest  gold  mines  are  found 
in  "  rotten,^'  decomposed,  oxidized  dikes  and  sheets  of  porphyry;  but  this  is 

rarely  the  case  with  lead-silver  ores, 
whicn  frequent  rather  the  lines  of  con- 
tact in  limestones  or  in  fissure  veins  in 
granite.  The  Cambrian  quartzites  a  few 
years  ago  were  rather  avoided  by  the 
prospectors,  their  extreme  hardness  pre- 
senting great  difficulties  in  mining,  and 
A:om  the  fact  that  they  were  generally 
supposed  to  be  barren.  The  late  discov- 
enes  of  very  rich  gold  deposits  in  them, 
and  of  similar  deposits  in  quartzites  of 
a  later  age,  have  drawn  more  attention 
to  them.  The  gold  has  been  found  in 
a  f^ee  state  associated  with  oxide  of  iron 
In  cavernous  deposits,  and  in  close  prox- 
imity to  eruptive  rocks.  In  the  granitic 
rocks,  both  gold  and  silver  occur  in  fissure  veins  associated  with  pyrites, 
galena,  etc.  These  fissures,  occupied  by  mineralized  quartz  veins,  may  occur 
m  the  granite  or  gneiss  alone,  or  be  at  the  contact  of  these  rocks  with  a 
porphyry  dike. 

veins  in  overflows  of  volcanic  lava  generally  fill  a  fissure  having  a  more 
or  less  steep  inclination,  penetrating  the  lava  sheets,  caused  probably  by 
shrinkage  of  the  molten  lava  on  cooling.  These  fissures,  in  some  cases,  are 
likely  to  be  limited  in  depth  to  the  thickness  of  the  lava  sheet.  Where,  in  a 
few  rare  cases,  the  fissure  has  been  traced  down  to  the  underlying  granite  or 
some  other  rock,  it  has  come  abruptly  to  an  end. 

Underground  Prospecting.— Frequently  a  seam  or  deposit  becomes  faulted 
or  pinched  out  underground,  and  it  is  necessary  to  continue  the  search  by 
means  of  underground  prospecting.  Underground  prospecting  is,  to  a  large 
extent,  similar  to  surface  prospecting,  the  underground  exposures  being 
simply  additional  faces  for  the  guidance  of  the  engineer.  In  the  case  of 
coal  beds  or  similar  seams,  if  a  f&ult  or  dislocation  is  encountered,  the  man- 
ner of  carrying  on  the  search  will  depend  on  the  character  of  the  foult. 
Where  sand  faults  or  washouts  are  encountered,  the  drift  or  entry  should 
be  driven  forwards  at  the  angle  of  the  seam  until  the  continuation  of  the 
formation  is  encountered,  when  a  little  examination  of  the  rocks  will  indi- 
cate whether*  they  are  the  underlying  or  overlying  measures.  In  the  case 
of  dislocations  or  throws,  the  continuation  of  the  vein  may  be  looked  for  by 
Schmidt's  lew  of  faults,  which  is  as  follows:  Always  /oUow  the  direction  of  the 
gr&Uesl  angle.  It  has  been  discovered  by  observation  that,  in  the  majority 
of  cases,  ti^e  hanging- wall  portion  of  the  fault  has  moved  down,  and  on  this 
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account  sach  faults  are  commonly  called  normal  faults.  For  instance,  if 
bed  a  b.  Fig.  1,  were  being  worked  from  a  toward  the  fault,  upon  enco 
tering  the  fault,  work  would  be  continued  down  on  the  farther  side  of 
fault  toward  d,  until  the  continuation  of  the  bed  toward  b  was  encountei 
In  like  manner,  had  the  work  been  proceeding  from  b,  the  explorat 
would  have  been  carried  up  in  the  direction  of  the  greatest  angle,  and 
continuation  toward  a  thus  discovered.  A  reverse  fault  is  one  m  wli 
the  movement  has  been  in  the  opposite  direction  to  a  normal  fault.  Ei 
dally  in  the  case  of  precious  metal  mines,  where  the  material  occun 
perpendicular  or  steeply  pitching  veins,  faults  are  liable  to  displace 
deposit,  both  horizontally  and  vertically,  in  which  case  it  may  be  diffl< 
to  determine  the  direction  of  the  continuation  of  the  ore  body;  but 
quently  pieces  of  ore  are  dragged  into  the  fault,  and  these  serve  as  a  gi 
to  the  miner,  and  indicate  the  proper  direction  for  exploration.  Wliei 
bed  or  seam  is  faulted,  its  continuation  can  frequently  be  found  by  break 
through  into  the  measures  beyond,  when  an  examination  of  the  formal 
will  indicate  whether  the  rocks  are  those  that  usually  occur  above  or  be 
the  desired  seam. 

Prospecting  for  Plaear  Deposits.— Placers  are  fhigmental  deposits  ftom  wi 
in  which  the  heavier  minerals  have  been  concentrated  in  certain  porti( 
usually  next  the  underlying,  or  bed,  rock.  The  materials  that  are  recove 
A:om  placer  deposits  are  metallic  gold,  tinstone,  monazite,  sand,  or  preci 
stones.  Placer  deposits  are  modern  or  ancient.  Modem  placers 
deposits  of  washed  material,  or  debris,  in  the  beds  or  along  the  bankc 
streams  that  are  either  now  in  existence  or  existed  in  comparatively  rec 
times.  Placer  deposits  may  also  occur  in  deposits  along  the  Bea^< 
Ancient  placers  are  fVagmental  accumulations,  similar  to  the  mod 
placers,  which  have  been  buried  under  accumulations  of  strata  or  flowi 
lava,  and  they  may  or  may  not  have  become  consolidated  into  rock. 

At  times,  placers  are  very  compact,  owing  to  the  presence  of  large  qua] 
ties  of  oxide  of  iron  or  calcium  carbonate,  or  similar  cementing  mater 
Often,  in  the  case  of  modern  placers,  the  streams,  or  other  sources  of  wa 
that  deposited  the  material,  have  changed  their  course  so  that  the  pla 
deposit  is  now  high  up  in  the  benches  bordering  the  streams,  or,  possil 
even  on  the  top  of  the  present  hills.  Such  deposits  are  commonly  cal 
bench  deposits,  while  those  along  the  sides  of  the  streams  below  the  hij 
water  mark  are  called  bar  deposits,  diggings,  or  placers. 

Frequently,  a  large  portion  of  the  gold  or  other  valuable  material 
found  in  pockets  or  irregularities  in  the  bed  rock,  but  the  pot  holes  un( 
waterfalls  are  frequently  barren  of  gold,  on  account  of  the  fact  that 
current  there  was  sufllciently  swift  to  wash  everything  out,  either  heavy 
light.  When  the  soil  Is  saturated  with  water,  the  mass  may  partake  of  i 
nature  of  a  semifluid  through  which  the  heavy  particles  of  gold  settle  ui 
they  accumulate  on  the  bea  rock. 

When  prospecting  for  placers,  the  miner  examines  the  country  for  a 
indications  of  present  or  ancient  watercourses  in  which  the  deposits 
placer  material  have  been  formed.  He  pans  the  dirt  from  any  deposits  < 
covered,  to  see  if  it  contains  colore  (small  particles  of  metallic  gold), 
colors  are  found,  more  extensive  operations  are  in  order,  and  hence 
sinks  to  bed  rock  and  examines  the  material  thoroughly,  to  see  if  it  oonta 
a  paying  quantity  of  the  valuable  mineral. 

The  Torm  of  placer  deposit  in  dry  or  arid  regions  differs  fh>m  that 
regions  where  the  rivers  have  a  continuous  flow,  on  account  of  the  fact  tl 
the  deposits  are  largely  the  result  of  sudden  rushes  of  water  partaking  of  1 
nature  of  cloudbursts,  hence  the  rich  portions  in  the  placer  material  j 
very  irregular,  and  are  rarely  situated  on  bed  rock,  but  are  usually  found 
any  strata  that  formed  the  bottom  of  the  ravine  during  the  sudden  rusb 
water.  During  the  rainy  season  in  arid  regions,  the  surfieice  soil  is  sou 
times  softenea  for  a  few  inches,  so  that  it  becomes  practically  a  mud,  a 
particles  of  gold  that  it  may  contain  tend  to  settle  to  the  bottom  of  the  s 
portion,  thus  rendering  the  surface  barren.  This  barren  surfa<ie  may 
subsequently  washed  away  by  the  rain,  or  blown  away  as  dust  during  t 
dry  season.  The  repeating  of  this  process  year  after  year  results  in  t 
removal  of  considerable  of  the  original  surface  and  the  formation  of  a  ri 
stratum  just  below  the  grass  roots.  Prospectors  in  arid  regions,  who  ha 
been  used  to  operating  in  an  ordinarily  well-watered  country,  are  fk^uen 
deceived  by  finding  this  rich  ground  so  high  up  in  the  deposit,  not  know! 
"'at  it  is  no  indication  as  to  the  value  of  the  material  at  a  greater  depi 
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En  many  cases,  in  the  arid  regions  the  portion  of  the  deposit  upon  bed  rock 
s  entirely  l>arreii.  In  like  manner,  fl-ozen  ground  may  play  an  important 
>art  in  tlie  formation  and  distribution  of  the  values  in  placer  deposits. 

Gems  and  precious  stones  are  prospected  for  in  a  manner  similar  to  that 
employed  in  searching  for  placer  material,  and  are  usually  found  in  alluvial 
leposits,  from  which  they  are  obtained  by  washing.  In  a  few  cases,  gems 
Lre  found  in  the  rocks  themselves;  as,  for  instance,  diamonds  in  the  hard 
natrix  that  occurs  as  pipes  or  chimneys  in  metamorphic  rocks,  and  which, 
ipon  exposure  to  the  atmosphere,  becomes  decomposed,  so  that  the  stones 
ire  easily  removed.  Some  of  the  corundum  minerals  are  found  in  lime- 
itone  and.  metamorphic  or  crystalline  rocks.  Turquoise  usually  occurs  in 
reins,  tlie  outcrop  oi  which  is  stained  with  carbonate  of  copper.  In  most 
:ases,  it  does  not  pay  to  extract  gems  fh>m  rock  formations  when  the  rock  is 
extremely  bard,  owing  to  the  fact  that  the  gems  are  liable  to  become  broken 
in  separating  them  from  the  rock  matrix.  ■ 

For  gem  prospecting,  the  following  outfit  has  been  recommended:  A 
shovel  and  pick;  two  sieves,  one  of  2  or  3  meshes  to  the  linear  inch,  and  the 
other  of  20  or  more  meshes  to  the  inch  (the  coarse  sieve  should  be  arranged 
to  fasten  on  top  of  the  finer  one  for  use  together);  a  tub  in  which  the  sieves 
can  be  submerged  in  water;  an  oilcloth  on  which  to  sort  the  gravel;  several 
stones  and  crude  gems  as  a  scale  of  hardness;  a  small  pocket  ma^ifyin&r 
g^lass,  and  a  dichroscope.  In  some  cases,  a  portion  of  the  outfit  is  dispensed 
with.  The  use  of  the  outfit  may  be  explained  as  follows:  The  tub  is  partially 
filled  with  water,  the  two  sieves  fastened  together,  and  a  shovelftil  of 
material  placed  in  the  upper  one,  when  thev  are  submerged  in  water,  the 
large  stones  cleaned  and  examined,  and  all  of  the  fine  material  worked 
throueli  the  upper  sieve,  which  is  then  removed,  the  material  on  it  examined 
and  disposed  of.  The  material  in  the  fine  sieve  is  then  washed  until 
free  from  clay,  when  a  little  jigging  motion  in  the  water  will  carry  the 
lighter  material  to  the  top.  The  sieve  is  then  guickly  inverted  and  the 
material  dumped  out  on  the  oilcloth,  thus  bringing  the  heavier  stones  to 
the  top.  The  various  pieces  should  now  be  examined  with  the  magnifying 
glass,  scale  of  hardness,  etc.,  and  the  identity  of  any  doubtful  colored  gems 
settled,  by  means  of  the  dichroscope.  Few  precious  stones  are  of  sufficient 
specific  gravity  to  be  concentrated  in  distinct  beds,  like  gold  or  tinstone,  but 
they  are  usually  fairly  well  concentrated  and  freed  from  much  of  the  lighter 
worthless  material. 

Value  of  Free  Gold  per  Ton  of  Ore.— The  accompanying  table  was  prepared 
bv  Mellville  Atwood,  F.  G.  S.,  and  its  use  may  be  explained  as  follows: 
if  a  4-lb.  sample  of  quartz  be  crushed,  the  gold  separated  by  panning  and 


Value  op  Free  Gold  per 

roN  OP  Ore. 

{Risdon  Iron  Works.) 

Waahefcold. 

Fineness, 

Fineness, 

Fineness, 

Fineness, 

780. 

830. 

875. 

920. 

4-Lb.  Sample. 

Value  per  Oz., 

Value  per  Oz., 

Value  per  Oz., 
$18.08. 

Value  per  Oz., 

Grains. 

«16.12. 

$17.15. 

$19.01. 

5.0 

«83.97 

$89.36 

$94.20 

$99.05 

4.0 

67.18 

71.49 

75.36 

79.24 

3.0 

50.38 

53.61 

56.52 

59.43 

2.0 

33.59 

35.74 

37.68 

39.62 

1.0 

16.79 

17.87 

18.84 

19.81 

.9 

15.11 

16.08 

16.95 

17.82 

.8 

13.43 

14.29 

15.07 

15.84 

,7 

11.75 

12.51 

13.19 

13.86 

.6 

10.07 

10.73 

11.30 

11.88 

.5 

8.40 

8.93 

9.42 

9.90 

.4 

6.71 

7.14 

7.53 

7.92 

.3 

5.03 

5.36 

5.65 

5.94 

.2 

3.36 

3.57 

3.76 

3.96 

.1 

1.68 

1.78 

1.88 

1.98 

amalgamation,  the  quicksilver  volatilized  by  blowpiping  or  otherwise,  and 
the  resulting  button  weighed,  the  value  of  the  ore  per  ton  of  2,000  lb.  will 
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be  found  opposite  the  weight  of  the  button.    The  values  are  given  f( 
ness  of  gold  varying  from  780  to  920. 

To  determine  the  value  of  gravel,  a  6-lb.  sample  will  give  tlie 
results  as  that  obtained  from  a  4-1  b.  sample  of  quartz,  on  account 
£etct  that  18  cu.  ft.  of  gravel  measured  in  a  bank  weigh  1  ton,  or  2,4 
hence,  a  cubic  yard  of  gravel  measured  in  a  bank  weighs  3,000  lb 
for  this  reason  a  sample  one  and  one-half  times  as  large  as  that  re 
for  quartz  must  be  taken.  In  case  the  gravel  is  of  low  grade,  a  sani] 
times  as  large,  or  60  lb.,  may  be  taken,  in  which  case  the  value  o| 
the  weight  of  the  button  will  have  to  be  divided  by  10. 

As  an  example,  in  the  use  of  the  table  we  may  suppose  that  a  1 
from  4  lb.  of  ore  or  6  lb.  of  gravel  weighs  3.8  gr.,  and  tnat  the  finer 
the  gold  is  830.  Opposite  3  in  the  table  we  will  find  $53.61  as  the  va 
the  button  in  dollars  containing  3  gr.  of  gold,  and  opposite  .8  we  wi 
$14.29.  The  sum  of  these  is  S67.90,  the  value  of  the  ore  per  ton,  or  the  j 
per  cubic  yard. 

EXPLORATION    BY    DRILLING   OR    BORE   HOLES. 

Earth  Augers.— When  testing  soil  or  searching  for  placer  gold,  8an< 
iron,  or  maneanese  ores,  and  similar  materials  that  usually  occur  con 
tively  near  the  surface,  hand  augers  may  be  employed  to  great  advai 
A  good  form  of  hand  auger  consists  of  a  piece  of  flat  steel  or  iron,  i 
steel  tip,  twisted  into  a  spiral  about  1  ft.  long,  and  having  four  turns, 
point  is  split  and  the  tips  sharpened  and  turned  in  opposite  direction 
dressed  to  a  standard  width,  usually  2  in.  The  auger  is  attached  to  a 
piece  of  1"  pipe,  and  is  operated  by  Joints  of  1"  pipe,  which  are  co 
together  with  common  pipe  couplings.  The  auger  is  turned  bv  mean 
double-ended  handle  having  an  eye  in  the  center  through  which  tl 
passes. 

The  handle  is  secured  by  means  of  a  setscrew.  In  addition  to  the  f 
it  is  well  to  have  a  straight-edged  chopping  bit  for  use  in  comparatively 
seams.  This  may  be  made  from  a  piece  of  1*"  octagon  steel,  with  a  2 
ting  edge.  The  upper  end  of  the  steel  is  welded  on  to  a  piece  of  pipe  si 
to  that  carrying  the  auger.  When  the  chopping  bit  is  employed, 
necessary  to  have  a  heavy  sinking  bar,  which  may  he  made  from  a  pi( 
solid  li"  iron  bar,  fitted  with  ordinary  1"  pipe  threads  on  the  ends, 
pecting  can  be  carried  on  to  a  depth  or  from  50  to  60  ft.  with  this  outfit, 
number  of  men  necessary  to  operate  the  rods  varies  from  2  to  4,  depei 
on  the  depth  of  the  hole  being  drilled.  When  more  than  30  ft.  of  rods  i 
use,  it  is  usually  necessarv  to  nave  a  scaffold  on  which  some  of  the  me: 
stand  to  assist  in  withdrawing  the  rods.  When  withdrawing  the 
to  remove  the  dirt,  they  are  not  uncoupled  unless  over  40  ft.  of  rods  a 
use  at  one  time,  and  sometimes  as  many  as  50  or  60  ft.  are  drawn  wi 
uncoupling. 

Percussion  or  churn  drills  are  frequently  employed  in  drilling  fo 
water,  or  gas,  and  were  formerly  much  used  in  searching  for  coal  and 
but,  owing  to  the  fact  that  they  all  reduce  the  material  passed  throu 
small  pieces  or  mud,  and  so  do  not  produce  a  fair  sample,  and  to  th( 
that  they  can  only  drill  perpendicular  holes,  they  are  at  present  little 
in  prospecting  for  either  ore  or  coal. 

The  cost  and  rate  of  drilling  by  means  of  a  percussive  or  chum 
varies  greatly,  being  affected  much  moi 
the  character  of  the  strata  penetrated  th 
the  case  with  the  diamond  drill.  In  the 
of  highly  inclined  beds  of  varying  hard 
the  holes  frequently  run  out  of  line  an< 
come  so  crooKed  that  the  tools  wed] 
drilling  has  to  be  suspended.  For  (  _ 
through  moderately  hard  formations,  usi 
encountered  in  searching  for  gas  or  w 
such  as  sandstones,  limestones,  slates,  etc. 
accompanying  costs,  from  the  American 
Works,  Aurora,  111.,  may  be  taken  per 
for  wells  from  500  to  3,000  ft.  deep  for 
central  or  eastern  portion  of  the  Uk 
States  at  present  (1900).  This  cost  includes  the  placing  of  the  casing, 
not  the  casing  itself. 


Cost  of  Well-Drilling. 

Size  of  Well. 
Inches. 

Cost  per  Foot. 

6 

$1.50 

8 

2.25 

10 

3.00 

12 

5.00 

15 

8.00 
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Wlien  drilling  wells  for  oil  or  eas  to  a  depth  of  approximately  1,000  ft., 
asiiig  tlie  ordinary  American  rig  with  a  cable,  the  cost  is  sometimes  reduced 
to  as  little  as  65  cents  per  foot  for  &'  or  8"  wells.  This  is  when  operating  in 
rather  soft  and  known  formations.  From  15  to  40  ft.  per  day  of  24  hours  is 
usually  considered  a  good  rate  of  drilling,  though  in  soa  materials  as  much 
9S 100  ft.  may  be  drilled  in  a  single  day,  and  at  other  times,  when  very  hard 
rock  is  exi<K>untered,  it  Is  impossible  to  make  more  than  from  1  to  2  ft.  per 
day. 

The  dittnond  drill  is  the  only  form  that  has  been  uniyeraally  successful  in 
drilling^  in  any  direction  through  hard,  soft,  or  variable  material.  Even  in 
Che  use  of  the  diamond  drill,  many  difficulties  present  themselves,  and 
demand  careAiI  study  in  adapting  the  form  of  apparatus  to  the  work  in 
hand,  and  in  rightly  interpreting  the  results  obtained  from  any  set  of 
observations. 

NoTK. — See  "Mines  and  Minerals"  for  articles  on  Diamond-Drilling 
Practice,  by  H.  M.  Lane,  August,  1899,  to  January,  1900,  Vol.  XX. 

Selecting  the  Machine.— It  Is  not  economy  to  employ  a  machine  of  large 
capacity  in  shallow  explorations,  as  the  large  machines  are  provided  with 
powerftLl  motors,  and  hence  do  not  work  economically  under  light  loads. 
wlien  a  large  machine  is  operating  small  rods  on  light  work,  the  driller 
cannot  tell  the  condition  or  the  bit,  or  properly  regulate  the  feed.  The 
machine  should  possess  a  motor  of  sufficient  capacity  to  carry  the  work  to 
the  required  depui,  but  where  much  drilling  is  to  be  done,  it  is  usually  best 
to  liave  two  or  more  machines,  and  to  employ  the  small  ones  for  shallow 
boles,  and  the  large  ones  for  deep  holes. 

All  feed  mechanisms  employed  in  diamond  drilling  may  be  divided  into 
two  classes:  (1)  Those  that  are  an  inverse  function  of  the  hardness  of  the 
material.  This  class  includes  fHction,  spring,  and  hydraulic  feeds.  (2)  Those 
in  w^liich  the  feed  is  independent  of  the  material  being  cut,  as  in  the  case  of 
the_positive  gear-feed. 

The  first  class  is  advantageous  when  drilling  through  variable  mefisures 
in  search  of  fairly  firm  material,  which  does  not  occur  in  very  thin  beds  or 
seams.  On  account  of  the  fact  that  this  class  of  feed  insures  the  maximum 
amount  of  advance  of  which  the  bit  is  capable  in  the  material  being  cut,  the 
danger  is  that  the  core  fh>m  any  thin  soft  seam  may  be  crround  up  and 
washed  away,  without  any  indication  of  its  presence  having  Been  given. 

The  second  class,  or  positive  gear-feed,  if  properly  operated,  requires 
somewhat  greater  skill,  but  if  used  in  connection  with  a  thrust  register,  it 
gives  reliable  information  as  to  the  material  being  cut,  and  is  especially 
usefhl  when  prospecting  for  soft  deposits  of  very  valuable  material. 

Size  of  Tools.— The  size  of  tools  and  rods,  and  conseouently  the  size  of  the 
core  extracted,  depends  on  the  depth  of  the  hole  ana  the  character  of  the 
material  being  prospected.  When  operating  in  firm  measures,  such  as 
anthracite  coal,  hard  rock,  etc.,  it  is  best  to  employ  a  rather  small  bit,  even 
when  drilling  up  to  700  ft.,  or  more,  in  depth.  For  such  work,  a  core  of  tram 
H  in.  to  lA  in*  Is  usually  extracted.  The  rate  of  drilling  with  a  small  outfit 
18  very  much  greater  than  with  a  large  one,  owing  to  the  fact  that  there 
is  a  small  cutting  surface  exposed,  and  the  rate  of  rotation  of  the  rods  can  be 
much  greater,  when  prospecting  for  soft  materials,  such  as  bituminous 
coal,  valuable  soft  ores,  or  ror  disseminated  ores,  such  as  lead,  copper,  gold, 
silver,  etc.,  it  is  best  to  employ  a  larger  outfit  and  extract  a  core  2  or  3  in.  in 
diameter,  and  sometimes  even  larger,  even  though  a  comparatively  small 
machine  is  used  to  operate  the  rods. 

Drift  of  diamond-drill  holes,  or  the  divergence  fh>m  the  straight  line,  often 
becomes  a  serious  matter.  This  trouble  may  be  minimized  by  keeping  the 
tools  about  the  bit  as  nearly  up  to  gauge  as  possible.  Core  barrels,  with 
spiral  water  grooves  about  them,  answer  this  purpose  very  well  if  they  are 
renewed  before  excessive  wear  has  taken  place. 

Surveying  of  diemond  drill-holes  may  be  carried  on  by  either  one  of  two 
methods,  depending  on  the  magnetic  conditions  of  the  district.  Where 
there  is  no  magnetic  disturbance,  the  system  developed  b^  Mr.  E.  F. 
MacGeors:e,  of  Australia,  may  be  employed.  This  consists  in  introducing 
into  the  nole,  at  various  points,  small  tubes  containing  melted  gelatine,  in 
which  are  suspended  magnetic  needles  and  small  plummets.  After  the 
gelatine  has  hardened  the  tubes  are  removed,  and  the  angles  between  the 
center  line  of  the  tube,  the  plummet,  and  the  needle  noted,  thus  furnishing 
the  data  IVom  which  the  course  of  the  hole  can  be  plotted.  This  method 
gives  both  the  vertical  and  the  horizontal  drift.  o 
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Where  there  is  magnetic  disturbances  the  needle  cannot  be  used,  bat  a 
system  brought  out  by  Mr.  G.  Nolten,  of  Germany,  has  been  quite  exten- 
sively employed.  In  this  case,  tubes  partly  tilled  with  hydrofluoric  acid  are 
introduced  into  the  hole,  at  various  points,  and  the  acid  allowed  to  etch  a 
ring  on  the  inside  of  the  tube.  After  the  acid  has  spent  itself  the  tubes  are 
withdrawn,  and  by  bringing  the  liquid  into  such  a  position  that  it  corre- 
sponds with  the  ring  etched  on  the  inside  of  the  tube,  the  angle  of  the  hole 
at  the  point  examined  can  be  determined.  This  method  gives  a  record  of 
the  vertical  drift  of  the  hole  only. 

The  value  of  the  record  fUmished  by  the  diamond  drill  depends  largely  on 
the  character  of  the  material  sought.  The  core  extracted  is  always  of  very 
small  volume  when  compared  with  the  large  mass  of  the  formation  pros- 
pected, and  hence  will  give  a  fair  average  sample  only  in  the  case  of  very 
uniform  deposits.  The  value  of  the  diamond  drill  for  prospecting  may  be 
stated  as  follows:  More  dependence  can  be  placed  on  the  record  /umishea  by 
the  diamond  drill  when  prospecting  for  materials  that  occur  in  large  bodies  of 
uniform  composition  than  when  prospecting  for  materials  that  occur  in  amaU 
bunches  or  itregular  seams.  To  tne  first  class  belong  coal,  iron  ore,  low-gxade 
finely  disseminated  gold  and  silver  ores,  many  deposits  of  copper,  lead,  zinc, 
etc.,  as  well  as  salt,  gypsum,  building  stone,  etc.  To  the  latter  class  belong 
small  but  rich  bunches  of  gold,  silver  mineral,  or  rich  streaksof  gold  telluride. 

The  arrtngement  of  holes  has  considerable  effect  upon  the  results  fur- 
nished. If  the  material  sought  lies  in  beds  or  seams  (as  coal),  the  dip  of 
which  is  £ELirly  well  known,  it  is  best  to  drill  a  series  of  holes  at  right 
angles  to  the  formation.  If  tne  material  sought  occurs  in  irregular  bunches, 
pockets,  or  lenses,  it  will  be  necessary  to  drill  holes  at  two  or  more  angles,  so 
as  to  divide  the  ground  into  a  series  of  rectangles,  thus  rendering  it  prac- 
tically impossible  for  any  vein  or  seam  of  commercial  importance  to  exist 
without  being  discovered.  Where  the  surface  of  the  ground  is  covered  with 
drift  and  wash  material,  it  may  be  best  to  sink  a  shaft  or  drill  pit  to  bed 
rock,  and  locate  the  machine  on  bed  rock.  After  this,  several  senes  of  fiin 
holes  may  be  drilled  at  various  angles  i^om  the  bottom  of  the  pit.  Owing 
to  the  upward  drift  of  diamond-drill  holes,  the  results  furnished  fbom  a  set 
of  fan  holes  drilled  ftom  a  single  position  would  make  a  flat  bed  appear  as 
an  inverted  bowl,  or  the  top  of  a  hill.  On  this  account,  it  is  best  to  drill 
sets  of  fan  holes  from  two  or  more  locations,  so  that  they  will  correct  one 
another.  If  fan  holes  ftom  different  positions  intersect  the  same  bed,  a  care- 
ftil  examination  of  them  will  usually  ftimish  a  check  on  the  vertical  drift 
of  the  holes. 

The  cost  and  speed  of  drilling  depend  greatly  on  the  formation  being 
penetrated.  As  a  rule,  it  is  more  expensive  to  sink  the  stand  pipe  than  to  do 
the  subsequent  drilling.  Stand  pipes  mav  cost  $5  or  more  per  foot  to  sink, 
while  the  cost  of  drilling  in  firm  rock  vanes  ftom  10.50  to  92  per  foot;  in  the 
case  of  difficult  drilling,  the  cost  may  run  over  S4  per  foot.  Where  a  large 
amount  of  drilling  has  to  be  done,  a  fair  average  estimate  for  shallow  holes 
up  to  700  ft.  deep  would  be  ft2  per  foot,  under  such  conditions  as  exist  in 
most  mineral  districts  of  the  United  States.  The  cost  of  labor,  taeh  etc., 
enter  into  the  problem,  and  frequently  affect  it  to  a  considerable  extent. 

The  rate  of  drilling  varies  considerably,  but  in  firm  rock  an  average  of 
1  ft.  per  hour,  including  all  delays  for  changing  rods,  etc.,  would  be  a  fair 
average  up  to  700  ft.  Greater  speed  than  this  could  be  made  in  soft  shales  or 
sandstones,  and  somewhat  less  in  hard  rock.  The  hardness  of  the  rock 
affects  the  rate  of  drilling  much  less  than  does  its  character.  A  (conglomer- 
ate rock  containing  loose  pebbles  that  come  out  during  the  drillini^.  or  a 
crystalline  rock  containing  angular  pieces  that  come  out  during  dnlling. 
will  cause  far  greater  trouble  than  the  hardest  material  ever  encountered  in 
diamond  drilling.  The  following  tables  will  give  some  idea  as  to  the  cost 
of  diamond  drilling  under  various  conditions. 

The  cost  of  drilling  2,084  ft.  of  hole  in  prospecting  the  ground  through 
which  the  Croton  aqueduct  tunnel  was  to  pass  is  given  as  follows: 

814  ft.  of  soft  rock  (decomposed  gneiss),  in  which  an  average  of  23.1  ft.  per 
day  was  drilled,  at  a  cost  of  $1.15  per  ft. 

347  ft.  of  hard  rock  (gneiss),  in  which  an  average  of  11.1  ft.  per  day  was 
drilled,  at  a  cost  of  $3.97  per  ft. 

923  ft.  of  clay,  gravel,  and  boulders,  in  which  frova.  6^  to  9  ft.  per  day  were 
drilled,  at  a  cost  of  $4.07  per  ft. 

The  average  progress  per  day  in  drilling  the  entire  2,084  ft.  was  10.2  fl 
per  day.  o 
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In  the  Minnesota  Iron  Co.'s  mines,  at  Soudan,  Minn.,  the  diamond  drill  is 
used  for  drilling  holes  Arom  10  to  40  ft.  in  depth  in  the  back  of  the  stopes, 
practically  all  the  work  being  done  in  iron  ore.  The  average  cost  per  root 
of  drillmg  13,512  ft.  of  hole  was  90.7703,  which  was  divided  as  follows: 

Carbons 90.34 

Supplies,  oil,  etc 0.07 

Fuel 0.04 

Repairs 0.05 

Labor 0.27(B 

Total    $0.7703 

The  following  tables  give  the  cost  of  boring  at  two  Ishpeming,  Mich., 
mines: 

TABLE    1. 

Total  Cost 

400i  days  setter    at  $3.00 $1,200,75  1      Cost.  per  Ft. 

872  days  runner  at   2.25. 837.00  I  ««cnRin  crnu^o 

230*  days  runner  at   2.00 460.50  f  »A»^-^"  •"•«'^ 

4i  days  laborer  at  1.75 7.85  J 

Carbon  681  carats  at  $15.144 1,035.47  0.276 

Bits,  lifters,  shells,  barrels,  and  repairs 433.81  0.115 

Oil,  candles,  waste,  and  supplies 128.09  0.035 

Estimated  cost  compressed  air 374^60  0.100 

Total  $4,478.07      $1,195 

Number  holes  drilled  28 

Drilled  in  hematite  193  ft. 

Drilled  in  jasper 646  ft. 

Drilled  in  mixed  ore    986  ft. 

Drilled  in  dioritic  schist 1,921  ft. 

Total  drilling  ..- 3,746  ft. 

Number  of  10-hour  shifts  drill  was  running,  including 

moving  and  setting  up  603 

Amount  drilling  per  10-hour  shift 6.2  ft. 


TABLE   II. 

Underground  drilling 6,075  ft. 

•Surface  drilling 1,414  ft. 

Stand  pipe  sunk 470  ft. 

Total  distance  run 7,959  ft. 

Actual  drilling  time  undereround 672  shifts 

Actual  drilling  time  on  surface  165  shifts 

Time  of  foreman,  setter,  moving,  and  stand-piping 1,314  shifts 

Total  time  worked 2,151  shifts 

Average  progress  per  man  per  shift  3.70  ft. 

Average  progress  per  drill  per  shift  actually  run- 
ning        8.95  ft. 

Weight  of  carbon  consumed 111.00  carats 

Distance  drilled  per  carat  of  carbon  consumed 67.38  ft. 

Amount.  Per  Ft. 

Cost  of  carbon $1,887.00  $0,237 

Cost  of  supplies  and  oils 134.13  0.017 

Costofftiel  360.73  0.045 

Cost  of  shop  material,  etc 663.36  0.083 

Payroll 4,000.03  0.502 

Total  cost $7,045.25  $0,884 


246 


PROSPECTING. 


Kecobds  op  Co6t  per  Foot  in  Diamond  Drilling. 
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A    5  holes,  1,066  ft.  I     Average  cost  of  total  work  of 

Sandstone  and  marble.  drilung  21  holes.     Total    of 

B    1  hole,  1,293  ft.  4,684  ft. 

Black  slate  and  jasper.  J    2  holes,  634  ft. 
C    3  holes,  478  ft.  Iron  slates. 

Jasper,  very  hard.  K   2  holes,  360  ft. 
D    5  holes,  780  ft.  Schist  and  jasper. 

Jasper,  hard.  L    6  holes,  1,350  ft. 
E    1  hole,  216  ft.  Iron  slates. 

Iron  slates.  M   2  holes,  611  ft. 
F    1  hole,  174  ft.  Schist,  jasper,  and  quartzite. 

Jasper  and  slate.  .V    6  holes.  2,091  ft. 
G    2  holes,  267  ft.  Quartzite. 

Jasper  and  s^ate.  O    Average  cost  of  drilling  18  hoi es, 
H   3  holes,  410  ft.  5,046  ft. 

Jasper. 

The  following  figures,  taken  from  a  letter  written  by  T.  F.  Richardson, 
Departmental  Engineer  of  Dam  and  Aqueduct  Department,  Metropolitan 
Water  Board  of  Boston,  and  published  by  the  U.  S.  Geological  Survey,  are  of 
interest,  as  they  show  the  rate  and  cost  of  diamond  drilling  under  certain 
conditions.  The  costs  do  not  take  into  account  depreciation  of  machinery 
nor  losses  of  time  in  moving  machines,  etc.  The  machines  employed  in 
this  work  were  a  Badger  drill,  manufactured  by  the  M.  C.  Bullock  Manu- 
facturing Co.,  of  Chicago,  111.,  and  an  S-510  drill,  manufactured  by  the 
Sullivan  Machinery  Co.,  Claremont,  N.  H. 

The  total  amount  drilled  was  2,814  ft.,  the  deepest  hole  being  286  ft.  deep, 
and  the  average  depths  of  holes  about  60  ft.  The  amount  accomplished  per 
day  was  f^om  0  to  32  ft.,  the  average  amount  being  probably  about  10  or  12 
ft.  per  day.  The  cost  of  drilling  varied  very  largely,  both  with  the  hard- 
ness of  the  rock  and  the  condition  of  the  rock  as  to  being  seamy. 

The  following  was  the  cost  of  drilling  324.2  ft.  of  rather  hard,  tough 
diorite  rock: 

Labor $341.25 

Diamonds 74.30 

Coal 17.50 

Total $433.05 

Cost  per  foot 1.34 

.    C86.6  ft.  of  this  was  drilled  with  a  H"  bit,  and  237.6  ft.  was  drilled  with  i 
lj''bit.) 

Drilling  150.7  ft.  of  very  hard  syenite  rock: 

Labor $158.00 

Diamonds 298.G9 

Coal 10.50 

Total $467.19 

Cost  per  foot ^ .^ „       3.10 

(Size  of  drill,  IJ  in.)  Digitized  by  GoOg[e 
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he  following  was  the  cost  of  drilling  286.1  fl.  of  soft  schist  rock: 

Labor tHW.OO 

Diamonds 87.75 

Coal 11.50 

Total $289.25 

Cost  per  foot l.Ol 

(Sizeof  drill,  U  in.) 

Tie  following  figures  will  be  of  considerable  interest,  owing  to  the  fact 
.  the  work  is  practically  all  of  the  nature  of  sinking  stand  pipes,  the 
ct  of  the  exploration  being  to  ascertain  the  depth  of  wash  material  and 
cliaracter  of  the  bed  rock  over  the  area  of  certain  proposed  dam  sites  in 
southwestern  portion  of  the  United  States,  the  work  being  carried  on 
the  government.  The  machines  used  were  made  by  the  American 
mond  Rock  Drill  Co.,  of  New  York,  and  had  previously  been  employed 
Imilar  exploration  along  the  line  of  the  Nicaragua  Canal. 

>ost  of  operation  per  month  of  bed-rock  exploration: 

Foreman $150.00 

6  laborers,  at  $1.50  per  day,  28  days 234.00 

1  cook 45.00 

$429.00 

240  rations,  at  60  cents 144.00 

Total  repairs,  pipe  and  lumber  for  one 

party  for  10  months 600.00 

Total  commissary  charges  for  team,  feed, 

etc 350,00 

Total  moving 670.00 

Total  sundry  incidentals 200.00 

Total  supervision 350.00 

Total,  10  months $2,070.00 

Sundry  expenses  per  month 230.00 

Total  cost  per  month 803.00 

10  months,  at  lfe03 8,030.00 

Total  number  of  feet  sunk 3,254.20 

Total  cost $8,030.00 

Cost  ^r  foot 2.46 

Cost  per  hole,  7,227  -5-  52 154.42 

The  drills  were  purchased  second-hand  from  the  Nicaragua  Canal  Co., 
1  the  other  apparatus  was  new.  If  the  original  cost  of  all  this  machinery 
re  distributed  over  the  work,  the  results  would  be  as  follows: 

Operation $8,030.00 

Machinery 1^600^ 

Total  cost $9,630.00 

Or  average  cost  per  foot 2.86 

Both  machines  are  still  in  good  repair,  after  having  been  used  in  Nicara- 
a  and  in  various  localities  in  Arizona  and  California. 
The  total  depths  penetrated  in  all  materials  at  the  various  dain  sites  are 
follows : 


Covering. 

Rock. 

Total. 

eButtes 

leen  Creek. 

veralde 

kes. 

n  Carlos 

1,621.2 

357.8 

729.8 

80.0 

143.2 

196.0 
55.6 
40.2 
0.0 
30.4 

1,817.2 

413.4 

770.0 

80.0 

173.6 

Total  

2,932.0 

322.2 

3,254.2 
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Magnetic  Prospecting.— Bodies  of  magnetic  iron  ore  are  frequently  dis 
ered  or  located  on  account  of  their  magnetic  properties,  two  form 
compasses  are  employed  in  this  work:  the  dipping  needle,  or  mil 
compass,  and  the  ordinary  compass.  The  ordinary  compass  is  used  to 
the  center  of  magnetic  attraction  in  the  horizontal  plane,  and  after  tbis 
.  .     been  found  the  ground  may  be  run  over  with 

ffwJi\*  'lbw?fWV/WWW)  clipping  needle,  to  locate  the  center  of  attrac 
/////^9dPi/////^^////////////  by  this  means.  The  ordinary  compass  does 
give  good  results  when  operating  over  a  n 
netic  deposit,  but  is  only  usefUl  in  determii] 
its  outside  edge,  and  thus  locating  its  greiK 
position.  The  dipping  needle  differs  from 
ordinary  compass  in  that  the  needle  is  hungr  i 
YiQ  2  vertical  plane  in  place  of  horizontally,  so  t 

the  needle  is  free  to  assume  any  position  vary 
from  the  horizontal,  depending  on  the  downward  component  of  magni 
attraction  at  that  point.  The  vertical  magnetic  component  at  the  pc 
should  be  compensated  for  by  balancing  the  dipping  needle  so  that  it  i 
ordinarily  stand  horizontally  when  not  affected  by  local  disturbances. 

The  actual  work  of  prospecting  piay  be  carried  on  as  follows:  If  th 
were  an  outcrop  of  a  vein  of  magnetic  material,  as  shown  in  Fig.  2,  cove 
with  a  capping  of  wash  matenal,  the  preliminary  prospecting  would 
carried  on  as  shown  in  Fig.  3,  the  dipping  needle  being  carried  backwa 
and  forwards  zigzag  across  the  deposit,  noting  the  point  of  maximum  dip 
each  case  and  establishinjg  a  staKe  there  as  indi- 
cated by  the  crosses.  Alter  these  stakes  had  all  ^ 
been  established,  an  average  straight  line  would 
be  struck  through  them  that  would  follow  the 
course  of  the  deposit  as  nearly  as  possible.  Stakes 
would  be  placed  at  the  ends  of  this  line,  as  at  Xand 
r,  and  the  line  X  Y  divided  off  into  100'  dis- 
tances by  means  of  stakes  marked  A,  B,  etc.  Lines 
at  right  angles  to  the  original  line  would  then  be 
turned  off  at  these  VXy  points,  and  stakes  placed 
every  10  ft.  upon  the  branch  lines.  These  points 
on  the  branch  lines  would  be  lettered  with  small 
letters,  corresponding  to  the  large  letter  on  the  line 
JC  F,  as  shown  in  Fig.  4,  which  represents  the  obser- 
vations taken  at  the  first  station.  The  dip  would 
be  noted  at  each  one  of  the  W  stations,  and 
recorded  in  the  note  book.  A  convenient  method 
of  keeping  the  notes  is  to  have  a  vertical  line  down 
the  center  of  the  page  for  the  line  X  Y,  and  other 
vertical  lines  to  the  right  and  left  of  it  for  the  indi- 
vidual stations  10  ft.  apart,  each  side  of  the  main 


Fig.  3. 


line,  the  horizontal  lines  across  the  page  being  lettered  A,  B,  etc.,  the  si 
tions  to  the  right  and  left  being  marked  with  primes  and  subscripts  oft 
small  letters  corresponding  to  the  line.  After  the  observations  have  be 
taken,  lines  may  be  drawn  through  points  of  equal  dip  and  equal  deflecti( 

(isogonic  lines).    Byth 
means  the  general  form 
the  bed  is  determined. 

The  maximum  dip,  in  t 
case  of  an  inclined  depo 
like  that  shown  in  Fig. 
would  occur  at  c,  over  t] 
hanging  wall  of  theoutcrc 
the  dip  at  h  being  considi 
ably  less,  and  the  dip  at 
being  less  than  that  at 
After  the  center  of  matfnel 
attraction  has  been  disco 
ered,  prospecting  may  be  continued  by  means  of  the  diamond  drill,  or  1 
sinking  shafts  or  test  pits.  Sometimes,  where  deposits  of  magnetic  iron  o 
have  been  eroded,  the  sands  near  the  surface  may  contain  such  a  considerat 
amount  of  magnetic  disturbance  as  to  indicate  the  presence  of  a  body  of  in 
ore,  while  in  reality  there  may  be  such  a  small  quantity  disseminata 
through  the  sand  that  it  could  not  be  made  to  pay  for  its  removal. 


Fig.  4. 
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ny  body  of  mafirnetic  iron  ore  is  affected  by  polarity,  and  one  end  of  it 
mttract  one  end  of  the  dipping  needle,  while  the  other  end  will  attract 
opposite  end.  Where  the  body  is  badly  broken  ud,  this  dip  of  the 
lie  may  be  reversed  several  times  in  a  comparatively  short  distance. 
rospeoting  for  Pttroleum,  NatHral  Gas,  and  Bituman.— Among  the  surface 
cations  of  petroleum  and  bitumen  may  be  mentioned  white  leached 
es  or  sandstones,  shales  burned  to  redness,  fUmaroles,  mineral  springs, 
deposits  from  mineral  springs.  Also  natural  gas,  springs  of  petroleum 
uid  naphtha,  porous  rocKs  saturated  with  bitumen,  cracKS  in  shale,  and 
sr  rock  partly  filled  with  bitumen.  Petroleum  is  never  found  in  any 
ntity  in  metamorphic  rocks,  but  always  in  sedimentary  deposits. 
Linen  can  be  told  m>m  coal,  vegetable  matter,  iron,  manganese,  and 
5r  minerals,  which  it  sometimes  closely  resembles,  by  its  odor  and  taste, 
>  by  the  fact  that  it  melts  in  the  flame  of  a  match  or  candle,  giving  a 
Lxninousodor.  (Iron  and  manganese  do  not  fuse,  and  coal  and  vegetable 
;ter  bum  without  fusion.)  Bitumen  is  also  soluble  in  bisulphide  of 
bon,  chloroform,  and  turpentine,  usually  giving  a  dark,  black,  or  brown 
ition.  Frequently,  springs  or  ponds  have  an  iridescent  coating  of  oil 
*n  the  surface.  Sometimes  iron  compounds  give  practically  the  same 
»earance,  but  the  iron  coating  can  always  be  distinguished  from  the  oil  by 
tating  the  surface  of  the  water,  when  the  iron  coating  will  break  up  like 
rust  of  solid  material,  while  the  oil  will  behave  as  a  fluid,  and  tend  to 
lain  over  the  entire  surface  even  when  it  is  agitated. 
Freauently,  bubbles  of  gas  are  seen  ascending  trom  the  bottoms  of  pools 
sreeks.  These  may  be  composed  of  carbureted  hydrogen  or  natural  eas, 
ich  is  a  good  indication  of  the  presence  of  petroleum  or  bitumen;  tney 
y  be  composed  of  sulphureted  hydrogen  or  carbonic-acid  gas.  Carbu- 
ed  hydrogen  can  be  distinguished  by  tne  fact  that  it  burns  with  a  yellow 
Qinous  flame,  whereas  sulphureted  hydrogen  burns  with  a  bluish  flame, 
1  carbon  dioxide  will  not  support  combustion,  but,  on  the  contrary,  is  a 
>duct  of  combustion. 

When  carbureted  hydrogen  gas  is  discovered  ascending  from  water,  the 
ttom  of  which  is  not  covered  with  decaying  vegetation,  it  is  almost  a 
tain  sign  that  there  is  petroleum  or  bitumen  somewhere  in  the  underlying 
adjacent  formations. 

If  natural  gas  or  bitumen  is  found  upon  the  surface  of  shale,  it  is  probable 
kt  the  material  ascended  vertically  through  cracks  in  these  rocks  from 
rons  strata  below;  while  if  it  is  found  in  connection  with  sandstones,  it  is 
>bable  that  the  material  was  derived  from  the  porous  sandstone  itself, 
is  is  especially  liable  to  be  true  if  the  sandstone  has  a  steep  pitch. 
As  a  rule,  deposits  of  bitumen  or  x>etroleum  occur  in  porous  formations 
Brlaid  by  impervious  strata,  such  as  shales,  slates,  etc.  Anticlines  are 
>re  liable  to  contain  such  deposits,  though  they  are  not  absolutely  neces- 
y  to  retain  them,  as  at  times  portions  of  the  underlying  porous  strata 
ve  been  rendered  impervious  by  deposits  of  calcium  salts,  silica,  etc.,  and 
nee  the  petroleum  or  bitumen  will  be  confined  to  the  porous  portions, 
ktural  gas  also  occurs  under  similar  conditions,  but  usually  in  anticlines 

Conatractlon  of  Geological  Maps  and  Crosa-Sectiona.— After  the  surface  exam- 
dtion  of  a  property  is  complete,  the  data  should  be  entered  on  the  best 
ip  procurable,  or  a  map  constructed.  The  scale  depends  on  the  size  of 
e  property,  the  complexity  of  the  geological  formation,  the  value  of  the 
operty,  and  the  material  to  be  mined  from  it.  The  amount  of  work  that 
will  pay  to  put  on  the  survey  will  depend  largely  on  the  value  of  the 
operty,  more  detail  being  Justified  in  the  case  of  high-grade  properties, 
a  property  1,200  ft.  X  3,000  ft.  (the  size  of  four  U,  S.  mining  claims)  were  to  be 
rveyed  and  mapped  with  a  scale  of  1  in.  equal  to  100  ft.,  the  map  would 
!  12  in.  X  30  in.  A  vein  of  strata  10  ft.  wide  on  this  map  would  appear  as  ^  of 
L  inch  wide,  which  is  about  the  smallest  division  that  could  be  shown 
Lth  its  characteristic  symbol;  for  greater  detail,  a  larger  scale,  or  larger 
aled  sheets  of  the  most  important  portions  of  the  deposit,  will  be 
icessary.  If  the  geologist  constructs  the  topographical  contour  map,  he 
in  take>  notes  on  the  geology  at  the  same  time.  When  the  boundaries  of 
le  property  are  being  surveyed,  certain  points  should  be  established,  both 
»rticafly  and  horizontally,  as  stations  in  future  topographical  work.  If  the 
ap  is  on  government  surveyed  land,  the  government  lines  may  be  used 
>r  horizontal  locations,  but  it  will  be  necessary  to  determine  the  elevation 
'  the  different  points.    If  the  propertj*^  is  much  broken,  it  is  well  to  run  a 
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few  lines  of  levels  across  it,  to  establish  points  from  which  to  continue  the 
work.  This  work  is  usually  done  with  a  Y  level  and  chain,  the  otlier  detaih 
being  subsequently  filled  in  with  a  transit  and  stadia,  the  levels  of  tlie  other 

points  bein^    taken 
either  by  using-    the 
r     transit  as  a   level,   by 
i  Q   vertical  angles,  by  bar- 
ometric   observations, 
or  by  means  of  a  liand 
level.    Where    lines  of 
levels  are  run     across 
the  property  in  various 
directions,  it  Is  best  to 
run   them  in    such    a 
direction  that  they  will 
cross  the  strike  of  the 
strata  as  nearly  at  rig-bt 
angles  as  possible,   so 
that  the  profile  thus  de- 
termined may  be  used 
in  constructing  a  cross- 
section.   Sometimes, 
for  preliminary  ivork, 
simply  a  sketch  map  is 
all  that  may  be  neces- 


FiG.  5. 


sary.    All  of  the  outcrops  and  exposures,  together  with  their  proper  dip, 
should  be  entered  on  the  map. 

To  Obtain  Dip  and  Strike  From  Bore-Hole  Records.— Before  the  results 
obtained  from  bore  holes  are  available  for  use  in  map  construction,  the  dip 
and  strike  of  the  various  strata  must  be  ascertained.  The  process,  in  the 
case  of  stratified  rock,  is  as  follows:  If  three  holes  were  drilled,  as  at  A,  B, 
and  C,  Fig.  6,  each  intersecting  a  given  bed,  the  strike  and  angle  of  dip  of  the 
bed  may  be  obtained  by  reducing  the  results  from  the  three  holes  to  a  plane 
passing  through  the  highest  point  of  intersection,  which  is  at  A.  The  hole  B 
intersected  the  bed  at  tne  distance  Be,  and  C  at  the  distance  Cd  below  the 
point  A.  By  continuing  the  line  CB  indefinitely,  and  erecting  two  lines  B  e 
and  C7c{  perpendicular  to  it,  each  representing  the  distance  from  the  hori- 
zontal plane  through  A  to  the  intersection  or  the  strata,  two  points  in  the 
line  dc  are  obtained,  which  line  intersects  CB  produced  at/;  /is  one  point 
in  the  line  of  strike  through  A.  In  order  to  find  the  angle  of  dip,  the 
perpendicular  Cg  is  dropped  from  the  deepest  hole  C  upon  the  line  of 


Fig.  6. 


strike  Af.  The  distance  Ch,  equal  to  Cd,  is  laid  off  at  right  angles  to  Cg, 
when  the  angle  Cgh  gives  the  maximum  dip.  The  results  obtained  from 
bore  holes  may  thus  be  reduced  to  such  form  that  the  dips  can  be  projected 
on  the  surface  to  obtain  the  line  of  outcrop  for  each  stratum.  Bore  holes  also 
fUmish  data  for  constructing  underground  curves  in  cross-sections  of 
stratified  rocks,  and  in  locating  the  probable  outline  of  ore  bodies  in  other 
formations. 
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Havlns:  recorded  on  the  map  all  exposures,  whether  surface  or  tboae 
obtained  from  underground  work,  draw  the  line  of  strike  and  the  outcrops. 
Vlso  construct  a  cross-section.  If  the  vein  is  perpendicular,  the  outcrop  will 
y&  a  straight  course  across  the  map.  If  the  bed  or  seam  is  horisontu,  the 
>utcrop  ^1  correspond  with  the  contour  line.  For  beds  or  veins  dipping 
It  any  other  angle,  results  between  these  limits  will  be  obtained. 

If  tlie  property  being  examined  is  cut  by  synclines  or  anticlines,  the  dips 
will  not  all  be  in  the  same  direction,  and  if  there  is  a  dip  along  the  axis  of 
Lhe  synclines  or  anticlines,  the  construction  of  the  map  will  be  considerably 
complicated.  Fig.  5  represents  a  plan  or  map  on  which  there  is  an  axis  x  y 
toward  which  the  strata  dip  from  both  sides.  Outcrops  are  indicated  at 
A,  B,  C,  A\  and  B\  each  having  a  dip  in  the  direction  of  the  arrow.  The 
lines  mn,  op,  qr  are  contours.  If  the  cross-section  were  constructed  on  the 
line  ^^O,  perpendicular  to  the  axis  z  y,  the  various  beds  or  deposits  would  be 
cut  at  such  an  anfle  as  to  show  a  thickness  in  the  cross-^ection  greater  than 
that  wbich  actually  exists.  In  order  to  show  the  actual  thickness  for  each 
seam,  the  cross-section  must  be  taken  along  the  line  perpendicular  to  the 
strike  of  the  strata,  which,  in  the  present  case,  is  along  tne  line  I  UK.  In 
other  Avords,  the  cross-section  must  be  constructed  in  two  parts.  Where  a 
general  sketch  is  all  that  is  necessary,  a  single  cross-secuon  with  notes 
correcting  the  thickness  of  the  seams  may  answer. 

In  order  to  construct  the  cross-section  IHK,  the  outcrops  A,  B,  C,  A\  an^ 
B'  must  be  projected  to  the  points  a,  b,  e,  a',  and  l/,  this  projection  being 
along  their  contours.  If  the  points  on  the  line  of  the  intendea  cross-section 
were  not  upon  the  contour,  it  would  be  necessary  to  project  them  on  the 
plane  of  the  cross-section,  as  shown  in  the  figure,  and  then  from  the  dip  of 
the  strata  and  the  difference  in  elevation  to  obtain  a  corrected  ^int  along 
the  line  IHK.  The  crosa-section  is  constructed  as  shown  in  Fig.  7,  each 
seam  having  its  actual  thickness  as  shown  at  the  outcrop.  If  tne  upper 
surface  of  the  cross-section  is  not  a  true  profile  of  the  surface,  and  the  point? 
are  not  projected  in  the  plane  on  the  cross-section,  on  this  cross-section, 
according  to  their  dips,  there  is  considerable  danger  of  exaggerating  their 
thickness  one  way  or  the  other. 

On  mine  maps,  the  supposed  course  of  the  beds  should  be  sketched  in, 
subject  to  revision,  as  more  data  are  brought  out  by  later  development  work. 
Even  in  the  case  of  stratified  rocks,  it  is  difficult  to  form  a  dennite  idea  as 
to  the  underground  conditions  from  surface  indications,  and,  in  the  case  of 
metamorphic  or  crystalline  rocks,  it  is  absolutely  necessary  to  determine 
the  underground  conditions  by  drilling,  or  actual  development  work.  If 
the  property  being  examined  is  liable  to  become  a  large  and  valuable 
mining  property,  the  original  survey  should  be  tied  to  monuments  or  natural 
landmarks,  so  that  it  can  be  checked  by  friture  observations,  and  these 
monuments  or  landmarks  should  become  the  basis  of  friture  and  more 
carefril  mining  surveys.    . 

Some  of  the  adyanta^es  of  a  carefril  geological  examination  of  a  property 
are  that  other  materials  of  economic  value  would  probably  be  discovered, 
if  any  should  exist  on  the  property;  also,  such  an  examination  of  the 
property  gives  information  as  to  the  drainage  system  of  the  country  that  may 
be  of  great  advantage  in  laying  out  the  mine,  and  friture  exploration  by 
drilling  or  sinking  can  be  done  to  better  advantage  after  a  careftil  surface 
examination. 

Sampling  ind  Ettimitlnf  the  Amount  of  Mineral  AviJlible.— In  many  cases,  it  is 
necessary  to  do  some  development  or  exploration  work  before  fair  average 
samples  can  be  obtained.  The  samples  as  taken  should  fairly  represent  the 
material  as  it  will  be  extracted.  Such  gangue  as  cannot  be  separated 
from  the  ore  in  mining,  or  slate  that  would  be  sold  with  the  coal,  should  be 
included  in  the  sample.  When  sampling  any  property  it  is  well  to  divide 
the  deposit  up  into  blocks,  and  sample  each  one  separately.  The  samples 
may  then  be  assayed  and  an  average  obtained  later,  or  the  different  samples 
may  be  mixed  and  an  average  assay  obtained.  The  amount  of  material 
broxen  for  sample  may  vary  from  a  few  pounds  to  many  tons,  depending  on 
the  nature  of  the  material  under  consideration.  Large  samples  may  be 
reduced  by  shoveling  (that  is.  taking  a  proportionate  number  of  shovelfuls 
for  the  sample,  as  every  third  or  fourth  shovelflil).  After  the  sample  has 
been  partially  reduced,  the  operation  may  be  carried  on  by  quartering, 
which  may  be  described  as  follows: 

The  material  is  shoveled  into  a  conical  pile  bv  throwing  each  shovel- 
ful on  to  the  apex  of  the  cone.    After  this,  the  cone  may  be  reduced  by 
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scraping  It  down  with  a  shovel,  passing  slowly  around  it.  If  the  amoi 
of  material  is  small,  a  flat  plate  may  be  introduced  into  the  cone,  and 
pile  flattened  by  revolving  the  plate.  The  pile  is  then  divided  into  quaj 
by  drawing  lines  across  it.  After  this,  two  alternate  quarters  axe  serai 
out  and  shoveled  away,  and  the  other  two  quarters  are  left  as  the  sampl< 
The  process  may  be  repeated  until  the  block  has  been  sufficiently  reduce- 
In  shoveling  away  the  discarded  portions,  care  should  be  taken  to  see  tT 
the  fine  dust  under  them  is  brushed  away  also,  as  they  often  contain  f 
and  valuable  mineral  that  would  unduly  increase  the  value  of  tlie  resaltia# 
sample.  When  the  sample  consists  of  only  a  few  pounds,  it  may  be  reduoeS 
by  means  of  a  riffle.  Large  samples  consisting  of  several  tons  are  sometimes 
sent  to  sampling  works  to  be  reduced  by  automatic  sampling  machines.  If 
the  property  being  examined  is  a  mine  in  active  operation,  samples  may 
be  taken  from  the  working  faces,  and  also  from  cars,  loading:  chutes,  etc. 
Usually  the  samples  from  the  face  are  kept  separate  from  those  from  the  cais 
and  loading  chutes,  the  latter  being  intended  as  a  check  on  the  former. 
In  the  case  of  ores  or  the  precious  metals,  large  samples  are  sometimes  taken 
and  used  for  mill  runs. 

Stock  piles,  or  dumps,  may  be  roughly  sampled  by  taking:  pieces  from 
intervals  over  the  surmce,  being  careml  to  obtain  a  fair  avera^re  of  coarse 
and  fine  material,  and  of  rock  and  ore.  These  samples  are  quartered  down 
and  assayed,  but  if  a  close  valuation  is  d  esired,  it  will  be  necessary  to  drive 
cuts  or  tunnels  through  the  mass,  and  to  take  a  certain  amount,  as  every 
fifth  or  tenth  shovelfiil,  for  the  sample.  When  sampling  dumps  of  fine 
material  (as,  for  instance,  tailings)  it  is  possible  to  take  samples  from  the 
pile  by  means  of  a  drill,  an  auger  1  in.  or  2  in.  in  diameter  usually  being^ 
employed  for  this  purpose. 

The  human  factor  always  plays  a  large  part  in  the  value  of  a  sample  as 
finally  selected,  and  hence  it  should  be  taken  by  a  man  who  has  had  con- 
siderable experience  in  this  class  of  work.  For  this  reason,  it  is  best  to 
employ  a  mining  engineer.  One  not  accustomed  to  samplingr  very  rarely 
undervalues  a  property,  owing  to  the  fact  that  it  seems  to  be  human  nature 
to  pick  up  a  rich  piece  of  ore  or  coal,  rather  than  the  barren  gangrue  material 
or  slate. 

When  only  surface  exposures  or  shallow  prospect  openings  are  available, 
it  is  impossible  to  determine  the  amount  of  ore  in  sight,  or  to  form  more 
than  a  guess  as  to  the  size  of  the  deposit.  It  is  not  8a/«  to  count  any  ore  in 
9igM  unless  it  is  exposed  on  at  least  three  faces.  Ore  that  is  exposed' on  one  or 
two  faces  can  be  counted  as  probable  ore,  while  slight  exposures  can  be 
counted  only  as  chances  indicated. 

The  amount  of  material  available  in  coal  deposits  can  be  estimated  much 
closer  than  in  the  case  of  ores.  If  a  seam  is  penetrated  by  a  number  of  bore 
holes,  or  by  workings  extended  over  a  considerable  area,  it  is  fair  to  esti- 
mate that  the  material  will  run  practically  as  exposed  for  a  considerable 
area;  but  especially  in  the  case  of  bituminous  coal,  it  is  a  comparatively 
easy  matter  to  form  some  estimate  as  to  the  amount  of  mateilal  available. 

When  dealing  with  ores,  it  is  impossible  to  form  reliable  estimates,  owing 
to  the  fact  that  horses  or  other  masses  of  rock  may  be  expo»^  at  any  point, 
and  the  ore  bodies  themselves  are  usually  very  irregular,  hence  it  will  be 
necessary  to  do  caref\il  blocking  out  before  making  any  estimates. 

When  estimating  the  amount  of  mineral  available,  only  that  portion 
which  can  actually  be  removed  in  stoping  should  be  counted,  and  if  the 
seam  is  so  narrow  that  it  is  necessary  to  break  material  from  the  walls,  or  if 
there  are  masses  of  country  rock  that  have  to  be  removed  with  the  ore,  the 
expense  of  removing  them  should  be  estimated  and  deducted  from  the  value 
of  the  ore. 

DIAGRAM    FOR    REPORTING    ON    MINERAL   LANDS. 

The  following  diagram  will  be  usefUl  as  a  guide  in  making  out  a  report 
on  a  mining  property: 


1.  Situation 
AND  Sur- 
roundings. 


1.  Location,  if  on  surveyed  land. 

2.  Nearest  town  or  village. 

3.  Mineral  district, 
t  4.  CJounty,  state,  or  territory. 

2.  Distance  and  direction  from  one  or  more  points. 


1.  Name. 
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OPOGRA- 
HY. 


1.  Hills  or  motintaiiis. 

2.  Character  of  surflEtce,  veeetation,  and  Umber. 

3.  Streams  and  water  supply. 
.  4.  Elevations. 


1.  Struc- 
ture. 


r  1.  Rocks. 

2.  Axes. 

3.  Faults. 

4.  Dikes. 


5.  Horses. 
2.  Geological  period. 


r  1.  Stratified. 

2.  Crystalline. 
[  3.  Igneous. 

Anuclines  or  synclines. 
,  1.  Number. 
I  2.  Strike. 

3.  Dip. 

,  4.  Throw. 
I  1.  Number. 

2.  Strike. 

3.  Dip. 

4.  Filling. 

5.  Throw. 

I  1.  Number  and  size. 

2.  Location. 
I  3.  Material. 


3.  (a) Coal 
beds. 


(6)  Ore 
bodies. 


'  1.  Number. 
2.  Thickness. 


1.  Veins. 


2.  B e d s    or 
lenses. 


1.  Reported. 

2.  According 
to  meas- 
urement. 


Reported. 

Measured. 

Average. 

Uniformity 

Number. 

Character. 

Strike. 

Dip. 

tx/i^fi.   /I-  Maximum. 

Width.  1 2.  Average. 

Vein  filling. 

Ore  chutes. 

Walls. 

Throw  of  walls. 

Number. 

Walls. 

Strike. 

Dip. 

Length. 

Height. 

Maximum  width. 

Average  width. 


4.  (a)  Quality  of 
coal,  specimens, 
appearance 
in  mine,  in  cars, 
benches. 


(6)  Ore. 


Color,  external,  powder. 

Luster.  ^    ,    , 

Clearness  from  clay  or  sand,  shale. 

Sulphur. 

Resin.  .     ,  ,  . 

Firmness,  size  of  lumps,  air  slaking. 

Cleavage  or  fiber. 
[.  Coking. 
I.  Color  of  ashes.  ^     , 

Use:  Gas,  steam,  domestic,  forge, 

metallurgy. 
..  Analyses  or  assays. 
Shipping. 
Concentrating. 
Metals  or  minerals. 
Gangue. 
Impurities. 
Assays  or  analyses. 
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DIAGRAM    FOR    REPORTING   ON    MINERAL   LANDS— (CJcm^mtCCd). 


4.  Mining. 


1.  History. 


I  2.  Mine. 


1.  Datesofopening,  abandoning,  reopening, 
number  of  mines  and  names. 

2.  Ownership. 

3.  Superintendence. 

1.  Snaft,  slope,  or  tunnel. 

r  1.  Total  depth. 

2.  Extent  of  2.  Depth  below  water  level, 
workings.  I  3.  Number  of  levels. 

t  4.  Extent  of  levels. 

3.  Water  pumps,  size,  and  kind,  water  cars, 
number  and  size,  natural  drainage. 

4.  Ventilation,  natural,  furnace,  fan  (for- 
cing or  drawing  out),  sufficient  or  insuf- 
ficient. 

5.  Lighting,  system  used. 

6.  Powder,  kind  and  grade  used. 

7.  Explosive  or  noxious  gases. 

8.  Coal-cutting  machines  and  power  drills. 

9.  (a)  Mode  of  working,  holding  under, 

shearing,  blasting,  or  wedging. 

'1.  Underhand  stoping. 

2.  Overhead  stoping. 

3.  Filling. 

4.  Cavine. 

5.  Rooming  with  or  with- 
out timber. 

^6.  Square  sets. 
10.  Rooms,  or  stopes,  pillars,  dimensions,  and 


(b)  Mode  of 
working. 


general  plan. 
11.  Timb    • 


tbering,  timber  trees. 

12.  Roof,  or  hanging  wall,  strong  or  weak, 
air  slakes  or  not. 

13.  Floor,  or  foot-wall,  hard  or  soft,  creeps 
or  not. 

14.  Roads,  rails,  and  cars. 
'  1.  Men. 


15.  System  of  under- 
ground tram- 
ming. 


16.  System  of  hoisting. 


2.  Mules. 

3.  Electricity. 

4.  Compressed  air. 

5.  Wire  rope. 

6.  Chain. 

7.  Locomotive. 
Cage. 

2,  Skip. 

3.  Cars. 


{I 


5.  Maps  and 

Drawings. 


1.  Of  the  whole  region. 

2.  Of  the  underground  workings. 
'  1.  Cross. 

2.  Longitudinal, 
fl.  General. 

3.  Columnar.  <  2.  Coal  bed  or  other  de- 
{      posit. 

4.  Buildings,  works,  or  machinery. 
'  1.  Scale. 

2.  North  line,  magnetic  variations. 

3.  Date. 

4.  Maker. 

5.  Can  buy,  take,  borrow,  or  have 
copied. 


3.  Sections.  - 


5.  Explanation. 


6.  Concentra- 
tion. 


1.  Hand  picking. 

2.  Cobbing  and  picking. 

3.  Magnetic. 


4.  Mechanical. 


Wet. 
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Coke 

Ovens. 


•Z.  worKing. 
t  3.  Discharging,  quenching. 


DIAGRAM     FOR    REPORTING   ON    MINCRAI.   LAM09-{ConHntud). 

1.  History,  ownership,  etc. 

2.  Number. 

3.  Character  of  ovens. 

4.  Dimensions. 

5.  Construction,  materials,  etc. 
r  I.  Charge,  quantity,  etc. 

6.  Operations,    j  2.  Working. 

7.  Repairs. 

8.  Quality  of  product.    (Assays,  if  any.) 

9.  Dispodtion  of  by  products, 
f  1.  In  heaps. 

2.  Installs. 
1.  Roasted.      3.  In  kilns. 

4.  By  mechanical  calciners. 

5.  Number  and  dimensions  of  roasters, 
f  1.  Base  bulUon. 

1.  In  shaft  fur- 
nace to 


8.  Met  ALL.  UB- 

GICA.L  WOBKS 

AND    Treat- 
ment OF  Ore. 


9.  Disposition 
OF  Product. 


10.  Statistics. 


2.  Smelted. 


2.  In  reverber- 
atory  fUmace 
to 


3.  In  retorts  to 


1.  As  mined  to   - 


of 


1.  Shipped. 


.  2.  Shipment. 


2.  As    concen- 
trates or  coke. 

3.  Metal  or 

matte  to 

1.  Distance. 

2.  Roads. 

3.  Railroads. 

4.  Navigation. 
fl.  Capacity. 


2.  Matte 

3.  Metal. 

4.  Number  and    dimen- 
sions of  fUmaces. 

1.  Metal. 

2.  Matte. 

3.  Number  and  'dimen 
sions  of  fUmaces. 

1.  Metallic  zinc. 

2.  Mercury. 

3.  Number   and  size 
retorts. 

1.  Smelter. 

2.  Concentrator. 

3.  Sampling  works. 

4.  Jobber  at 

1.  Smelter  or  flimace 

2.  Sampling  works. 

3.  Jobber  at 

1.  Refinery. 

2.  Smelter. 

3.  Jobber  at 


1.  Production.      1  2.  Actual. 


2.  Labor. 


3.  Prices. 


1.  Daily,  weekly,  or  month- 
ly, in  tons. 

2.  Yearly  in  tons. 
^3.  Average. 

1.  Whole  number  of  workers. 
^  2.  Number  of  workers  in  each  class. 
3.  Number  of  horses  or  mules. 

1.  Timber. 

2.  Tools. 

3.  Fuel. 

4.  Oil. 

5.  Powder. 

(1.  Day,  different  classes. 

6.  Labor,  -l  2.  Contract  or  piece,  yard  or 

(     ton. 

7.  Carriage. 

8.  Local  sales  of  product. 

1.  Machinery. 

2.  Buildings. 

9.  Value  of  plant.  -^3.  Roads, tracks.etc. 

4.  Rolling  stock. 
1^5.  Supplies. 
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11.  Surface 


Plant. 


DIAGRAM    FOR    REPORTING   ON    MINERAL   LAHOa—iCkmHnved),  \ 

1.  Boilers. 

2.  Waterwheels. 
1.  Power  plant.    <  3.  Air  compressors. 

4.  Bteam  and  gas  engrines.  ' 

,  5.  Electric  plants.  I 

'  1.  Power  for.  | 

2.  No.  of  forges. 

3.  Steam  hammers,  j 

4.  Other  tools. 

1.  Power  for. 

2.  Saws. 

3.  Lathes. 

4.  Other  machines. 
,  5.  Benches  and  vises. 
^  1.  Power. 

2.  Lathes. 

3.  Planers. 

4.  Shapers. 

5.  Drill  presses. 

6.  Other  tools. 

7.  Benches  and  vises. 


2.  Shops. 


3.  Powder 

houses. 

4.  OflSces. 


1.  Smith's 
shop. 


2.  Carpenter 
shop. 


3.  Machine 
shop. 


Dry  or  change  houses. 

Storehouses. 

Boarding  and  dwelling  houses, 

Stables. 

Shaft  houses. 

Tipples. 

PocKets  or  ore  bins. 

Company  store. 

Timber  yard  and  plant  for  preparing  timber. 

'  1  rifv  nr  onm  f^'  Quality  of  water. 
me?cl2l  .  2.  Sufficient  or  in- 
merclal        -{      sufficient. 


14.  Water. 


service. 


2.  Company 
service. 


4.  Pump- 
ing sys- 
tem. 


1.  Character.  (1;  Ij^'trfc. 


3.  Pressure. 
'1.  Quality  of  water. 

2.  Sufficient  or  in- 
sufficient. 

3.  Gravity  system, 
'^l.  Direct. 


2.  Reser- 
voir or 
stand 
pipe. 


15.  Lighting,   i  9  nHonn         Jl-  Commercial  plant. 
2.  Origin.        1 2.  Company  plant. 
t  3.  Sufficient  or  insufficient. 
1.  Steam  engines. 


16. 


Hoisting  or  wind- 
ing plant. 


1.  Railroad. 


17.  Surface  trans-  .    2.  Wagon 


portation. 


2.  Compressed-air  engines. 

3.  Oil  or  gasoline  engines. 

4.  Electric  motors. 

5.  Water  motors. 

1.  Gauge. 

2.  Tot3  length. 

3.  Size  of  cars. 

4.  No.  of  cars. 

5.  Power  used. 

6.  No.  of  motors. 

1.  Character  and 
surface  of. 

2.  Length. 

3.  No.  of  wagons 
and  teams. 

1.  Size  and  capac- 
ity of. 

2.  No.  of  wagons 
for. 


roads. 


3.  Traction 
engines. 
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Diagram  for  reporting  on  mineral  uAHDS~{OonHnued). 
12.  Miscellaneous. 

1.  Yearly  income,  last  year,  or  for  any  year,  i^'  Net*^ 


13. 


Conclu- 
sions. 


3.  Merits  of 
property. 


4.  Advice. 


2.  Average  cost  per  lb.,  or  ton  of  material. 

1.  Quality  of  ore  or  product. 

2.  Amount  of  ore  or  / 1.  Gross, 
material  in  sight.  \  2.  Net. 

,  3.  Value  of  material  in  sight. 
2.  Value  of  plant  and  works. 

'  1.  Continue  present  system. 
2.  Change  system  to . 

1.  Ship  as  mined. 

2.  Concentrate,  or  coke  and 
ship. 

3.  Smelt  and  ship, 
rroubles. 

2.  Labor. 

3.  Supplies. 

4.  Climate. 

5.  Shipment  fieicilities. 

6.  Markets. 


1.  Deposits 
of  value. 


1.  Mining. 

2.  Disposition 
of  product. 


5.  Local  considerations. 


OPENING  A  MINE. 


The  location  of  the  surface  plant  and  the  mine  opening  depend  on  the 
formation  of  the  deposit  primarily,  and  secondarily  on  the  facilities  for 
transporting  the  product  to  market.  It  is  impossible  for  one  not  on  the 
ground,  and  unfamiliar  with  natural  or  railroad  transportation  facilities  in 
the  neighborhood,  to  give  an  idea  as  regards  the  second  consideration.  In 
regard  to  the  first  consideration,  the  following  observations  will  be  found 
of  value: 

When  the  seam  or  vein  outcrops  within  the  limits  of  the  property  and  is 
flat,  a  water-level  drift  is  the  best  method  of  opening  it.  If  it  has  any  con- 
siderable inclination,  it  should  be  opened  by  a  slope,  or  by  a  tunnel  driven 
across  the  intervening  measures.  Where  the  deposit  has  an  inclination  of 
but  ftom  A  of  1°  to  li®,  the  water-level  drift  is  generally  used,  and  the  main- 
haulage  entiv  is  opened  at  the  lowest  accessible  point  on  the  outcrop,  wllich 
insures  firee  drainage  and  a  favorable  grade  for  haulage.  When  the  outcrop 
dips  into  the  hill,  the  drift  is  usually  commenced  a  few  feet  below  the  out- 
crop terrace,  and  driven  on  a  slight  up  grade  until  the  normal  dip  is  reached. 

When  the  inward  dip  is  too  strong,  the  better  plan  is  to  sink  a  shaft  in  the 
center  of  the  basin,  T>rovided  the  depth  is  not  too  great  and  the  amount  of 
water  to  be  pumped  is  comparatively  small.  K  the  inward  dip  to  the  center 
of  the  basin  does  not  exceed  a  total  of  25  ft.  difference  in  level,  a  drift  may 
be  used  and  drainage  be  effected  by  a  siphon. 

Water-level  drifts  are  only  profitable  where  the  inclined  seam  is  exposed 
in  ravines  or  gorges  eroded  across  the  strike  of  the  measure,  or  where  the 
vein  can  be  reached  by  a  short  tunnel  from  the  surface  to  the  seam  across 
the  measures.  This  is  often  the  case  when  the  seam  dips  with  the  hill,  but 
when  the  dip  is  against  the  hill,  the  tunnel  is  generally  a  long  one.  While 
the  expense  of  operating  a  mine  opened  by  a  long  tunnel  is  less  than  one 
opened  by  a  slope  or  shaft,  owing  to  cheaper  drainage  and  haulage,  when 
the  coal  above  water  level  is  exnausted  the  tunnel  is  almost  worthless. 
When  the  seam  is  inclined  and  is  accessible  at  no  point  along  its  outcrop 
low  enough  to  ftimish  sufficient  lift  or  breast  length,  it  should  be  opened 
by  a  slope  or  shaft.  Or,  if  the  seam  is  flat  and  does  not  crop  on  the  tract, 
a  shaft  is  the  only  method  of  working  it,  unless  it  lies  so  near  the  surface 
that  it  can  be  stripped. 

Where  a  seam  has  a  dip  of  20°  or  more,  and  is  brought  close  to  the  surface 
by  an  anticlinal  axis  or  "saddle,"  a  "rock  slope,"  or,  in  other  words,  a 
tunnel  dipping  the  same  as  the  seam  may  be  started  from  the  surface,  and, 
when  the  seam  is  reached,  may  be  continued  to  the  desired  depth  in  the 
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seam.  lu  sinking  slopes  for  coal  mines,  it  is  customary  to  sink  an  aim 
alongside  of  and  parallel  with  the  slope,  with  a  pillar  of  about  10  yd.  betwe 
The  slope  for  coal  mines  is  usually  sunk  so  that  there  is  a  **  uft "  of  fr 
100  to  110  yd.,  and  then  gangways  are  turned  oflF  on  each  side.  The  U 
"lift "  in  tnis  connection  means  the  length  on  pitch  that  breasts  or  roo 
driven  at  right  angles  to  the  gangway,  can  be  driven  in  good  coal.  Sul 
quent  lifts  are  usually  ftom  80  to  100  yd.  long. 
I  Openinf  Up  a  Gold  Mine.— The  following  description  of  the  method  of  op 

ing  up  a  gold  mine,  by  Mr.  S.  A.  Josephi  ("  Mines  and  Minerals,"  Februi 
1900),  will  also  apply  in  general  for  the  opening  of  any  inclined  narrow 
deposit:  The  equipment  for  the  top  of  shaft  for  the  preliminary  work  c 
sists  of  three  pieces  of  timber,  either  sawed  or  rough  hewn,  Li  to  16  ft.  Ic 
8  to  10  iD.  in  diameter,  arranged  as  a  tripod;  they  should  be  strongly  bol 
together,  a  pulley  hung  from  the  center,  through  this  a  rope  passed  wit 
bucket  fastened  to  the  end  entering  the  shaft,  and  a  horse  hitched  to 
other  end.  This  equipment  is  called  a  whip,  and  is  sufficient  for  the  1 
100  ft.  in  depth.  In  locating  the  shaft,  care  should  be  exercised  in  plac 
it  where  there  is  ample  dump,  or  ground  for  waste  or  valueless  vein  mat 
Should  the  character  of  the  surface  not  admit  of  sufficient  ground  for 
purpose,  have  collar  ("or  top)  of  shaft  elevated  10  or  12  ft.,  and  throw  wi 
around  the  outside  or  same  until  filled  up  solid. 

The  timbers  should  be  square  sets,  made  of  rough  or  square  timb 
preferably  the  latter,  8  in.  X  8  in.;  divide  the  shaft  into  two  compartmi 
4  ft.  X  4  ft.  each,  one  for  the  bucketway,  the  other  for  the  ladderway.  Wl 
air  is  bad,  board  up  the  ladderway  to  aid  the  circulation.  The  sets  ahc 
be  not  less  than  4  ft.  and  not  over  6  ft.  apart,  in  the  clear. 

Sink  on  the  dip  of  the  vein,  and  keep  a  careftil  record  of  the  locat 

width,  and  value  of  ore  body,  until  the  depth  of  100  ft.  is  attained;  1 

place  station  sets  8  ft.  high,  start  levels  each  side  of  shaft,  and,  if  ther 

t  water  in  the  shaft,  a  sump  16  ft.  to  30  ft.  deep  should  be  sunk.    The  su 

should  be  built  in  the  same  manner  as  the  shaft,  so  that  it  will  serve  < 

I  continuation  of  same  when  greater  depth  is  wanted. 

;  Levels  should  be  run  on  both  sides  of  the  shaft  sufficiently  long  to  de 

I  mine  length  of  the  ore  chute,  and  also  to  determine  the  existence  of  ot 

ore  chutes  in  the  vein.    This  development  work  should  be  an  indicato] 

the  strength,  value,  and  permanence  of  the  property;  it  is  now  ready 

another  examination  by  competent  authorities,  to  determine  the  ab 

I  conditions.    Should  their  verdict  be  favorable,  continue  the  shaft  to 

I  depth  of  an  additional  100  ft.;  if  water  is  found  in  but  small  quantities,  1 

,  can  best  be  done  by  replacing  the  whip  with  a  whim;  this  runs  by  the  sa 

I  horsepower,  costing  in  the  neighborhood  of  $100.    It  is  well  adapted  to 

the  shaft  down  250  ft. 

"When  the  shaft  is  down  200  ft.,  start  levels  as  at  the  100-ft.  depth,  prov 
I  sump,  and  drift  both  ways  upon  the  vein,  proving  up  ore  bodies  as  beft 

♦  Thus  far  the  cost  has  been  slight.    The  shaft,  including  timbers,  suppl 

and  contingent  expenses,  should  not  cost  over  920  a  foot,  a  total  of  $4,000; 
I  drifts  $6  a  foot,  say  200  ft.  each  way  from  shaft  on  both  levels,  a  total 

I  800  ft.  or  $4,800;  total,  $8,800,  less  amount  received  from  mineral  extracted 

sinking  and  drifting,  which  is  usuallv  small. 
'  Now  it  is  to  be  decided  what  ftirther  amount  the  owners  are  willing 

expend,  and  how  extensively  they  desire  the  mine  opened  up  before  1 
actual  extraction  of  ore  is  to  commence.  We  will  put  the  depth  of  shaft 
600  ft.,  the  drifts  the  ftill  length  of  the  claim,  usually  1,500  ft. 

For  this  purpose,  a  shaft  house  should  be  built,  say  40  ft.  X  60  ft.,  with  < 
house,  say,  40  ft.  X  40  ft.  The  equipment  should  be  a  40  H.  P.  engine  and  a 
H.  P.  boiler  (if  a  large  flow  of  water  is  encountered,  an  additional  boiler  a 

})ump  must  be  provided),  the  shaft  continued  to  the  above  stated  depth. a 
evels  extended  at  each  100  ft.  It  will  also  be  advisable  to  make  upraises 
the  farthest  point  practical  from  the  shaft,  on  each  side,  connecting  ea 
level  with  the  other,  and  extending  to  the  surface.  These  upraises  shoi 
be  made  in  ore,  and  are  valuable  both  for  ventilation  and  escape  for  mi 
in  case  of  accident  to  or  near  the  shaft.  They  should  be  furnished  wi 
ladders.  The  machinerv,  shaft  house,  and  skip,  with  which  all  incline  aha 
should  be  equipped,  will  cost  about  $4,500.  The  additional  800  ft.  of  sha 
including  contingent  expenses  of  engineers,  ftiel,  etc.  will  cost  $40  a  foot, 
$12,000;  the  drifts,  $6  a  foot.  The  upraises,  being  on  ore,  should  pay  for  t 
labor. 

It  is  prudent  to  estimate  the  cost  of  thoroughly  opening  up  a  gold  mine 
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be  l>e1;i^een  $40,000  and  $50,000,  which  fact  probably  originated  the  remark 
tli&t  ***  ii  tAkes  a  gold  mine  to  make  a  gold  mine."  This  is  practically  true, 
BJid  xio  one  should  attempt  to  en^^age  in  the  mining  business,  as  a  buidness, 
'witla.ofvi.t  both  money  and  a  willingness  to  use  it.  More  failures  can  be 
attjrit>u.-ted  to  insufficient  capital  for  development  than  to  any  cause  save 

SHAFTS. 

Slickft^  and  tunnels  may  be,  first,  temporary,  or  those  that  are  simply 
d-riverL  for  exploration  purposes,  and  are  not  to  be  used  for  any  great  length 
of  tlnxe;  second,  permanent,  or  those  that  are  driven  for  a  specific  purpose 
aiKl  ixsually  have  a  definite  predetermined  capacity. 

Form  of  Shift— In  the  United  States,  shafts  are  usually  square  or  rectangu- 
lax  In.  form.  This  is  largely  due  to  the  fact  that  timber  is  used  in  lining 
sucli  sJaafts.  In  Europe,  round  or  oval  shafts  are  firequently  employed  with 
a.  lixrixig  of  brick,  iron,  or  masonry. 

Compartments.— The  number  of^compeutments  in  a  shaft  and  their  arrange- 
xuen-t  depends  largely  on  the  use  to  wnich  the  shaft  is  to  be  put;  also  on  the 
nu-irkber  of  shafts  at  the  property,  and  the  depth  of  the  shaft.    Where  the 
ra&terial  to  be  removed  is  comparatively  near  the  surface,  it  is  usually 
clie&per  to  sink  a  number  of  2-  or  3-«ompartment  shafts  than  it  is  to  tram  all 
tlie  ore  to  one  large  shaft;  while,  in  the  case  of  very  deep  mines,  large  4-  or 
G-coxnpartment  shafts  are  sunk,  and  the  underground  haulage  extends  over 
a  g^reater  area.     When  the  shafts  are  lined  with  timber,  a  stronger  con- 
straction  can  be  obtained  by  placing  the  compartments  side  by  side,  as 
sl:io^wn  in  Fig.  1,  than  by  placing  them  in  the  solid  block,  as  shown  in  Fig.  2. 
^Vll.ea  a  body  of  material  compara- 
tively near  the  surface  is  being  re- 
moved through  a  number  of  shafts, 
2-oompartment  shafts  are  frequently 
emplcAred,  both  compartments  being 
\ised  for  hoistingj   and    separate 
stLafts  being  provided  for  the  pump 
column  and  ladderways.     This  re- 


<3Liice8  both  the  size  of  the  shaft  and  Fig.  1.  Fig.  2. 

tlxe  timbering  necessary,  and  also 

^oes  away  with  the  special  danger  ftom  fire  that  always  exists  when  tiiere 

is  a  ladderway  in  the  shaft,  for  it  is  always  difficult  to  fight  fire  in  these 

special  compartments. 

Shaft  Sinking.— As  a  ceneral  thing,  the  loose  material  or  wash  above  bed 

rock  is  not  thick  enough  to  cause  any  serious  trouble,  and  ordinary  cribbing 
of  heavy  timber  or  a  masonry  curbing  is  sufficient.  But  when  the  surface  is 
^ery  thick  or  loose,  and  runs  like  quicksand,  considerable  difficulty  is 
experienced.  The  eeneral  method  of  overcoming  this  difficulty  in  the  past 
was  to  at  once  divide  the  shaft  into  the  required  number  of  compartments 
by  heavy  timbers  alternating  or  placed  ••skin  to  skin,"  which  had  the  effect 
of  bracing  the  cribbing  against  the  lateral  pressure  of  the  loose  material. 
This  method  is  effectual  where  the  wash  will  remain  solid  or  stand  long 
enough  to  allow  the  timbering  and  cribbing  to  be  put  in.  But  when  the 
surface  is  thick,  loose,  or  watery,  or  of  quicksand,  some  one  of  the  following 
special  methods  of  sinking  must  be  adopted: 

"  Forepoling." 

"Metal    linings."      (Forced 
down  without  the  use  of 
compressed  air.) 
"Pneumatic"method.  (Limited 
to  about  100  ft.  in  depth. ) 
1  "Poetsch"  process.   (Freezing 
/        method.) 
Rock  (hard  or  soft,  but  very  wet)  |      "  Kind-Chaudron  "  method. 

Rock  (hard  or  soft,  but  not  very  wet)  —  j      "  Continuous, "or "Long-Hole," 

(  method. 

Size  of  Shafts.— Shafts  vary  greatly  in  size,  depending  on  the  number 
of  compartments  desired  and  the  size  of  the  compartments.  For  coal 
mines,  they  are  generally  from  10  to  12  ft.  wide  inside  of  timbers,  and  each 
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compartment  is  ftom  6  to  7  ft.  wide  inside  the  guides.  This  would  make  the 
outside  dimensions  of  a  double-compartment  shaft  about  13  to  15  ft.  wide,  17 
to  18  ft.  long,  and  a  triple-compartment  shaft  from  24  to  25  ft.  long.  Shafts  at 
metal  mines  are  generally  smaller  than  those  at  coal  mines,  but  the  prac- 
tice in  different  localities  varies  so  that  it  is  impossible  to  give  general 
dimensions  that  would  be  of  value. 

The  table  on  opposite  page  gives  the  dimensions  of  a  few  well-known 
shafts  in  different  localities. 

Forepollng.— When  the  ground  is  so  bad  that  it  will  not  stand  for  several 
days  between  excavation  and  the  completion  of  the  lining,  it  becomes 
necessary  to  carry  the  timber  to  the  bottom  of  the  work.  This  may  be 
accomplished  by  usin^  square-set  shaft  timbering  and  driving  lathi,  or 
forepoiing  behind  the  timber  so  as  to  keep  the  soft  material  from  running 
into  the  opening.  The  advantages  of  forepolinsr  are  that,  if  the  shaft  is 
being  lined  with  square  sets,  it  can  be  commenced  at  any  i)oint,  and,  if  the 
ground  is  not  too  bad,  the  work  can  be  continued  by  this  means  until  solid 
material  is  encountered.  When  the  ground  is  particularly  bad,  it  may 
become  necessary  to  use  breast  boards,  which  are  simply  boards  braced 
against  the  bottom  of  the  shaft  so  as  to  keep  the  material  fix)m  rising  into 
the  opening,  only  one  board  at  a  time  being  removed  while  the  material 
behind  it  is  excavated. 

In  particularly  bad  ejound,  where  breast  boards  have  to  be  used,  the 
progress  made  is  very  slow.  After  the  shaft  has  been  put  down  by  fore- 
poling,  it  is  sometimes  very  difficult  to  repair  or  replace  the  lining.  When 
the  forepoiing  method  is  employed  in  quicksand,  there  is  considerable  risk 
of  losing  the  shaft  altogether,  owing  to  sudden  rushes  or  "boils"  of  the 
material  that  throw  the  timbering  out  of  line  and  fill  up  the  shaft. 

Metal  Linings  Forced  Down.— Metal  linings  forced  down  without  the  use  of 
'  Llr  ' " "  "      '        •    •  .,       . 


r  are  rarely  resorted  to,  though  in  some  cases  they  have  been 
quite  successful.  If  the  formation  contains  but  few  boulders,  it  is  some- 
times possible  to  force  the  lining  down 
by  flushing  out  the  material  ft-om  the  in- 
side with  jets  of  water.  At  other  times, 
men  enter  the  shaft  and  excavate  the  ma- 
terial as  the  work  progresses. 

The  pneumatic  method  of  shaft  sinking  was 
developed  from  the  system  in  use  for  put- 
ting down  foundations  for  bridge  piers. 
At  the  bottom  of  the  shaft  there  is  a  small 
chamber  called  a  caisson,  in  which  a  suffi- 
cient air  pressure  is  maintained  to  exclude 
the  water  at  all  times.  The  shaft  lining 
is  built  on  above  this  chamber,  and  grad- 
ually forced  down  into  the  soil.  Men 
enter  the  chamber  and  excavate  the  mate- 
rial from  under  the  caisson  as  it  descends. 
By  this  method  the  sinking  commences 
at  once  and  is  continued  without  interrap- 
tion  until  the  lining  is  completed  to  bed 
rock,  to  which  the  lining  is  joined,  as 
shown  in  Fig.  3.  An  air  compressor,  which 
is  subsequently  used,  is  the  only  auxiliar)' 
machine  necessary,  while  in  the  ft^ezing 
process  an  ice  machine  is  required. 

It  is  best  to  use  electric  lights  in  the 
caisson;  hence,  it  may  be  necessary  to 
install  a  small  dynamo  if  the  company 
does  not  have  an  electric-light  system 
in  operation.  In  the  pneumatic  system,  the  bottom  of  the  shaft  is  always 
exposed  to  view,  and  the  workmen  know  when  they  reach  a  solid  founda- 
tion; while,  in  the  freezing  process,  it  is  sometimes  difficult  to  tell  to  what 
depths  the  pipes  should  be  sunk  so  as  to  reach  below  any  fissures  or  seams  in 
the  bed  rock.  In  the  pneumatic  process,  the  fine  material  is  aspirated  out 
of  the  caisson  by  the  air  pressure.  The  pneumatic  process  is  limited  to  a 
depth  of  about  100  ft.,  as  it  is  impossible  for  men  to  work  under  a  greater  air 
pressure  than  that  which  corresponds  to  about  100  ft.  of  hydrostatic  pressure. 
By  the  freezing  process,  pipes  are  sunk  in  the  ground  about  the  area  to  be 
frozen,  as  a  rule,  not  more  than  3  or  4  ft.  apart.    The  lower  ends  of  the  pipes 
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are  sealed  or  closed,  and  an  inner  tube  introduced  so  that  a  freezing  mixi 

may  be  caused  to  circulate  down  through  the  inner  tube,  and  up  thro 

the  outer  tube.    This  freezing  mixture  may  be  either  liquid  ammonia 

which  is  allowed  to  expand  in  the  outer  tube,  or  it  may  be  a  solutio 

calcium  chloride  that  has  previously  been  reduced  to  a  very  low  temp 

'<  ture  by  means  of  an  ordinary  reMgerating  machine.    The  circulatio 

maintained  in  the  pipes  until  the  ground  between  them  is  frozen  solid,  a 

1  which  the  work  may  be  continued  as  though  the  formation  were  solid  r< 

'  the  material  being  blasted  and  hoisted  in  buckets.     The  freezing  pro 

'  may  be  applied  to  any  wet  formation,  whether  hard  or  soft,  while 

pneumatic  process  is  applicable  only  to  soft  formations.     The  frees 

process  may  oe  carried  to  practically  any  depth.  As  a  rule,  the  freezing  p 

are  never  sunk  inside  of  the  shaft  area. 

The  Kind-Chiadron  method  is  applicable  only  to  round  shafts,  an< 
suitable  for  shafts  passing  through  very  wet  and  at  the  same  time  c 
paratively  soft  formations.  The  excavation  is  carried  on  by  means  < 
large  set  of  boring  tools  armed  with  steel  teeth,  and  operated  in  a  mai 
similar  to  that  employed  in  drilling  wells  by  the  percussive  system.  F 
a  pit  or  shaft  4  or  5  ft.  in  diameter  is  drilled;  this  is  followed  by  a  reaming 
that  enlarges  the  hole  to  the  desired  diameter,  or  the  work  may  be  ace 
plished  in  three  stages  by  using  two  reaming  bits.  The  material  remove< 
the  first  bit  is  hoisted  out  by  means  of  a  sand  bucket,  or  sludger,  while 
renioved  by  the  succeeding  tools  js  hoisted  out  by  buckets  tnat  are  pk 
in  the  bottom  of  the  first  pit  and  kept  there  while  the  tools  are  in  operat 
No  water  is  pumpwi  from  the  shaft  while  it  is  being  excavated  or  lii 
and  hence  practically  all  the  tendency  that  the  sides  would  have  to  ( 
is  removed.  After  the  shaft  has  been  excavated  down  to  and  into  a  & 
formation,  it  is  lined  by  lowering  cast-iron  tubbing  into  the  hole  and  mai 
a  tight  Joint  against  the  bottom  by  means  of  an  expansive  packing  th( 

•  for<^  out  by  the  weight  of  the  tubbing,  or  lining.  After  the  lining  i 
.  place,  the  space  between  it  and  the  sides  of  the  excavation  is  fill^  i 
I  cement.  Wnen  the  cement  is  thoroughly  hardened,  the  water  is  pum 
.  fh>m  the  inside  of  the  lining,  and  men  descend  and  examine  the  join 
I  bed  rock.    In  this  method,  no  workmen  enter  the  shaft  until  it  is  li 

through  the  troublesome  formation. 

Long-Hole  Process.— The  long-hole  process  consists  in  the  drilling  < 
}  series  of  diamond-drill  holes  over  the  area  of  the  proposed  shaft,  then  fil 

I  the  holes  with  sand,  after  which  the  work  progresses  by  removing  the 

•  5  or  6  ft.  of  sand  from  the  holes  in  the  interior  of  the  shaft,  charging  tl 
1  holes  with  explosives,  and  firing  them  by  electricity.  Next,  the  h 
!  around  the  boundary  of  the  shaft  are  charged  and  fired  in  the  same  man 
t  and  the  process  is  continued  until  the  bottoms  of  the  diamond-drill  holes 

reached.    This  method  is  especially  applicable  to  work  in  hard  rock,  wl 
t  great  speed  in  sinking  is  desired,  for  all  the  drilling  is  accomplished  at 

•  operation,  after  which  the  sinking  progresses  by  simply  cleaning  out 
drill  hole  and  blasting  the  material. 

•  GenersI  Compsrison  of  Methods  of  Shsft  Sinking.— ^Vhere  a  shaft  is  sun! 

•  forepoling,  it  is  usually  made  rectangular  in  form.  The  pneumatic  met 
I  may  be  used  for  either  round  or  rectangular  shafts,  and  the  lining  ma 

either  of  metal  or  wood.  The  freezing  process  may  be  used  for  either  ro 
or  rectangular  shafts,  and  the  lining  may  be  either  timber,  metal,  or  maso] 
as  the  entire  opening  can  be  left  open  until  the  solid  rock  is  reached,  w 
the  lining  can  be  built  upon  it.  The  Kind-Chaudron  method  is  applies 
only  to  round  shafts,  on  account  of  the  fact  that  the  hole  is  bored, 
long-hole  process  is  applicable  to  either  round  or  rectangular  shafts,  but 
originally  introduced  for  sinking  rectangular  shafts. 

Sinking  Hesd-Frames.— Head-frames  of  very  simple  form  are  used  for  s 
ing,  The  skeleton  of  the  frame  is  formed  of  heavy  squared,  timber  (l(y  > 
or  12"  X  12")  mortised  and  pinned  together,  and  braced  by  diagonal  bra 
A  good  height  from  the  surface  to  the  center  of  the  sheave  la  from  20  to  1 
The  sheave  should  be  from  6  to  8  ft.  in  diameter.  The  sinking  bucket  sh^ 
be  of  boiler  iron,  or  of  heavy  hard  wood  strengthened  by  iron  bands,  al 
3  ft.  in  diameter  at  the  top  by  ftom  2^  to  3  ft.  deep.  It  should  be  suspei 
by  a  handle  pivoted  a  trifle  below  the  center,  and  it  should  have  a  pii 
the  rim  of  the  bucket  that  will  hold  it  in  an  upright  position  when  a  1 
ring  on  the  handle  is  slipped  over  it.  A  chain  fastened  to  the  top  of 
head-frame,  with  a  hook  on  its  loose  end,  is  suspended  so  that,  when  h 
*ng  plumb,  it  is  over  a  chute  leading  to  the  dump  car.    As  the  buck 
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hoisted  out  of  the  shaft,  this  chain  Is  attached,  and  the  engine  reversed. 
Tne  bucket  sw^ings  over  the  chute,  the  ring  holding  it  upright  is  knocked  ott' 
the  pin,  and  the  rock  is  dropped  into  the  chute.  Rocks  too  large  for  the 
bucket  are  suspended  in  chains  and  are  hoisted  in  that  way,  and  removed 
on  a  truck  tliat  runs  on  a  track  Inside  of  the  head-tYame,  the  gauge  of 
which  is  sufficiently  wide  to  give  plenty  of  clearance  for  the  bucket. 

Sinking  Engines.— Most  shafts  and  slopes  are  sunk  with  old  engines,  or 
else  by  engines  especiallv  designed  for  such  work,  and  so  constructed  that 
they  can  easily  be  moved  from  place  to  place.  In  some  cases  where  an  old 
engine  can  l>e  readily  had,  it  is  set  up  on  temporary  timber  foundations  and 
used  until  tlie  shaft  or  slope  is  finished,  when  it  is  replaced  by  the  perma- 
nent engines,  and  the  old  one  is  dismantled  and  disposed  of  to  the  best* 
advantage. 

Tools. — ^Tlie  old  method  of  hand  drilling  is  still  adhered  to  in  many 
insta.nces,  lout  it  is  gradually  giving  way  to  machine  drilling,  especially  in 
deep  shafts.    When  properly  managed,  the  work  is  done  much  more  rapidly 
and  economically  by  the  several  excellent  types  of  rock  drills  now  on  the 
market.     They  are  constructed  in  a  variety  of  shapes  by  the  makers,  and 
there  axe  so  many  convenient  accessories  in  the  shape  of  fittings,  etc.  that 
all  contractors  prominent  in  the  various  coal  fields  possess  one  or  more  of 
their  favorite  type  of  drills.     These  drills  are  run  either  by  compressed  air, 
steam,  or  electric  power,  and  in  large  shafts  two  are  usually  employed,  so 
that  work  may  not  be  delayed  by  a  breakdown  of  one  drill.    The  center  or 
one  side  of  the  shaft  is  usually  kept  in  advance  of  the  rest,  so  as  to  fhrni^ 
a  sump  for  the  collection  of  the  water.     The  holes  are  drilled  from  3  to  6  ft. 
apart,  and  the  depth  varies  with  the  character  of  the  rock.     When  a  suf- 
ficient number  of  holes  are  drilled,  the  drill  is  removed,  and  a  cartridge 
made  of  dynamite,  dualine,  or  some  other  form  of  high  explosive  is  tamped 
in  each  hole.    These  are  all  fired  simultaneously  by  an  electric  battery, 
detonating  caps  being  placed  in  each  charge. 

To  keep  the  shaft  the  required  shape,  if  rectangular,  a  plumb-bob  is  sus- 
pended in  each  corner,  either  from  the  fiooring  on  top,  or  from  a  beam  laid 
across  the  cribbing,  and  these  guide  the  miner  in  squaring  the  comers  and 
sides.  If  the  shanis  a  circular  one,  a  plumb-line  is  let  down  in  the  center, 
from  time  to  time,  and  a  rod  cut  the  exact  radius  is  revolved  around  it.  If 
it  strikes  the  rib,  the  miner  knows  that  at  that  point  the  shaft  is  not  true.  , 

Draintge  and  Ventilation.— When  only  a  small  amount  of  water  is  encoun- 
tered while  sinkinff,  the  best  plan  is  to  allow  it  to  collect  in  a  depression  and 
bail  it  from  there  into  the  bucket,  hoisting  it  the  same  as  the  rock.  Where 
the  water  is  excessive  in  quantity,  a  steam  pump  is  necessary.  All  tiie 
leading  pump  works  make  pumps  especially  designed  for  sinking  purposes, 
and  it  is  not  m  the  province  of  this  work  to  mention  the  advantages  pos- 
s^sed  by  one  over  tne  other. 

When  the  shaft  is  of  moderate  depth,  a  fire  burning  in  one  corner  will 
supply  ample  ventilation.  To  rapidly  clear  away  smoKe,  a  good  plan  is  to 
burn  a  bundle  of  straw  or  shavings  in  one  end  of  the  shaft,  and  throw  a 
couple  of  buckets  of  water  down  the  other  end.  When  the  shaft  is  very 
deep,  or  when  the  sectional  area  is  small,  ventilation  is  produced  either  by  a 
steam  jet,  or  by  a  small  fan  turned  either  by  steam  or  by  hand.  In  some 
cases,  a  fire  is  used  that  draws  into  a  board  pipe. 

Speed  and  Cost  of  Sinking.— Any  attempt  at  a  general  estimate  regarding 
the  speed  and  cost  of  sinking  is  impossible,  for  many  reasons  appreciated  by 
the  practical  miner.  Shafts  vary  so  much  in  size,  and  in  the  character  of  the 
material  through  which  they  pass,  that  even  if  there  were  no  other  items  to 
be  considered,  a  general  estimate  could  not  be  made.  But  if  the  ground  is 
pretty  well  known,  and  the  sectional  area  and  the  depth  given,  the  experi- 
enced contractor  knows  how  much  he  can  drive  in  a  given  time,  and 
he  can  consequently  form  a  ^ood  estimate  for  each  separate  shaft.  The 
range  of  cost  is  so  great  that  it  may  be  anywhere  from  ^1  to  $10  per  cubic 
yard  of  material  excavated. 

Slope  Sinking, — A  slope  is  an  inclined  plane  driven  down  on  the  bed  of  the 
seam,  and  is  generally  through  coal  or  ore,  though  sometimes  they  are 
driven  through  rock  across  measures  to  cut  the  seam  that  cannot  be  conve- 
niently worked  by  a  slope.  In  the  latter  case,  it  is  merely  an  "inclined 
tunnel."    In  the  former  it  might  be  termed  an  ♦' inclined  gangway." 

A  slope  and  an  inclined  plane,  when  mentioned  hereafter,  will  mean  an 
inclined  opening  in  coal  or  ore,  used  as  a  passageway  for  mine  cars. 

When  the  location  of  the  slope  has  been  decided  on,  erect  a  temporary 
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sinking  plant;  an  old  engine  is  generally  used.  For  a  short  distance, Tarying 
with  the  nature  of  the  ground,  but  usually  ranging  flpom  10  to  20  ft.  on  the 
pitch,  an  open  cut  is  made,  and  the  earth,  rock,  or  crop  coal  is  thrown  oat 
by  hand.  As  soon  as  suiiicient  cover  is  reached,  the  work  of  undermining 
and  timbering  is  commenced,  and  at  the  same  time  a  double  or  single  track 
is  laid,  so  that  the  material  can  be  taken  out  in  a  car  or  self-dumping  skip. 
When  the  latter  is  used,  the  track  is  continued  up  a  trestle  some  distance 
above  the  surface,  and  a  head-sheave  so  placed  as  to  draw  the  skip  up  the 
required  distance  and  dump  the  material  in  a  chute  beneath  the  trestling. 

The  width  of  the  slope  depends  on  the  size  of  the  cars  and  the  number  of 
compartments.  The  most  common  arrangement  is  to  divide  the  slope  into 
three  compartments;  two  large  ones  for  hoistways,  and  a  smaller  one  for 
pump  rod,  column  pipe,  steam  pipe,  and  traveling  way.  This  last  is  also 
used  as  an  airway  while  sinking  is  going  on. 

In  some  instances,  slopes  have  out  one  hoistway,  laid  with  three  rails 
and  a  turnout  at  the  middle  of  the  hoist,  and  some  have  single  track  with  a 
central  turnout.  This  may  be  economy  in  first  cost,  but  is  not  in  the  long 
run.  Collisions  are  apt  to  occur,  and  tne  breaking  of  a  rope  or  the  falling  of 
coal  from  an  ascendmg  car  is  apt  to  cause  more  damage  than  when  two 
compartments  are  used. 

When  several  Ufts  are  simultaneously  worked,  a  single-track  slope  is 
used;  but  unless  the  pitch  is  light  and  several  cars  can  be  hoisted  at  once, 
this  method  produces  a  comparatively  small  output. 

When  the  dip  of  a  slope  is  under  40°,  the  height  of  the  slope  should  be 
about  7  ft.  in  the  clear.  When  the  slope  dips  more  than  40°,  unless  self- 
dumping  skips  or  gunboats  are  used,  a  cage  is  necessary,  and  then  the 
height  must  be  made  greater. 

The  sinking  of  a  slope  is  similar  to  gangway  driving,  and  the  tracks  and 
timbering  are  kept  well  up  to  the  face. 

The  timbering  is  very  similar  to  gan^ay  timbering,  except  that  squared 
timber  is  more  frequently  used  (biit  it  is  not  necessary)  andi  the  joints  are 
cut  with  more  care.  On  steep  pitches,  a  heavy  "mud  sill "  is  let  into  the  rib 
on  each  side,  to  prevent  the  road  from  sUpping  down  the  pitch. 

The  Samp.— Wnen  the  shaft  or  slope  is  completed,  among  the  first  things 
necessary  is  a  sump  in  which  to  collect  the  drainage  of  the  mine.  This  is  an 
opening  lower  in  tne  vein,  when  it  is  a  pitching  one,  or  in  the  rock  when  it 
is  a  flat  seam  reached  by  a  shaft.  It  should  be  large  enough  to  hold  any 
excess  of  water  that  the  pumps  cannot  handle;  and  the  pumping  machinery 
should  be  powerful  enough  to  handle  the  ordinary  drainage  by  running  not 
over  10  hours  per  day.  When  this  is  the  case,  in  an  emergency,  the  pumps 
can  be  run  continuously,  and  thus  handle  the  surplus  water. 

Driving  the  Gangway.— In  bituminous  coal  seams,  the  height  of  the  gangway 
is  governed  by  the  tnickness  of  the  seam,  and  this  is  also  true,  in  a  certain 
sense,  in  the  anthracite  regions.  But  in  the  anthracite  regions  they  are  very 
seldom  less  than  6  ft.  in  height.  In  the  larger  seams  they  are  from  6  ft.  6  in. 
to  7  ft.  6  in.  high  in  the  clear,  and  from  10  to  15  ft.  wide.  The  ^uge  of  track 
varies  from  24  to  48  in.  The  grade  should  rise  at  least  4  in.  in  100  ft.,  and 
a  gutter  3  ft.  wide  by  18  in.  deep  should  be  cut  in  the  coal  on  the  low  side. 
This  gutter  should  be  a  guUer,  and  not  a  receptacle  for  refuse.  There  is  no 
economy  in  a  shallow  gutter,  or  in  neglecting  it  because  it  costs  a  few  cents 
a  day  to  keep  it  open.  Some  authorities  advise  a  rise  of  from  6  in.  to  1  ft.  in 
every  100  ft.,  but  they  evidently  do  not  take  into  consideration  that  so  great 
a  rise  means  a  loss  of  from  26  to  53  ft.  in  lift  at  the  end  of  a  gangway  a  mile 
long,  or,  in  other  words,  in  the  loss  of  from  68,000  to  137,000  sq.  ft.  of  the  area 
of  coal  to  be  reached  by  the  gangway.  This  applies  to  pitching  seams. 
Where  the  seam  is  fiat,  or  nearly  so,  the  gangway  must,  of  course,  be  driven 
on  a  grade  that  best  suits  the  formation.  Turnouts  constructed  on  each  side 
of  the  shaft  or  slope,  of  a  suitable  length,  are  a  necessity,  if  the  slope  or  shaft 
is  to  be  kept  constantly  supplied  with  coal.  These  turnouts  vary  m  length, 
depending  on  the  length  of  the  cars,  and  the  number  necessary  to  keep  the 
machinery  in  motion  between  trips.  They  should  be  wide  enough  to  allow 
at  least  3  ft.  in  the  clear  between  the  bodies  of  the  cars;  5  ft.  is  even  better. 
When  possible  to  avoid  it,  there  should  be  no  center  props  between  the 
tracks. 

Levels  in  Metal  Mines.— The  cross-section  of  the  level  depends  largely  on 
the  character  of  the  ore  mined,  and  the  desired  output  from  the  deposit.  In 
the  case  of  precious  metal  mines,  producing  high-grade  mineral  from  narrow 
'eins,  the  levels  are  driven  as  small  as  possible,    immediately  adjoining  the 
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shaft  there  is  a  plat  or  station  the  fUU  width  of  the  shaft.  This  is  heavily 
timbered  and  provided  with  a  double  track,  but,  as  a  rule,  the  levels  have 
tat  a  aizisle  track,  and  in  some  cases  there  is  but  a  single  track  at  the  shaft, 
Ibere  being  a  turnout  or  switch  in  the  level  a  short  distance  firom  the  shaft. 
In  tiiis  class  of  mines,  5  ft.  X  64  ft.  in  the  clear  would  probably  be  the  average 
size  of  a  level,  it  being  driven  as  small  as  possible.  In  the  case  of  mines 
produdng  lower  grade  material  and  handling  heavy  tonnages  from  large 
deposits,  as,  for  instance,  in  some  of  the  iron  and  copper  mines,  the  levels  are 
dnven  larger, -and  in  some  instances  are  double-tracked,  being  from  7  ft.  ta 
S  ft.  liierli  in  the  clear,  and  from  7  ft.  to  12  ft.  wide  inside  timbers;  but,  even  in 
this  class  of  mines,  in  most  cases  single-track  levels  7  ft.  X  7  ft.  to  8  ft.  X  8  ft 
in  the  clear  are  employed  with  turnouts  or  passing  points  at  intervals,  and 
a  double  or  triple  track  at  the  shaft.  The  levels  are  usually  driven  with  a 
slight  cprade  away  f^m  the  shaft,  so  that  they  will  drain  to  the  shaft,  and 
the  grnule  will  be  in  favor  of  the  loaded  car.  In  some  mines  where  electric 
tramming  is  employed,  the  levels  are  so  driven  that  the  motor  makes  a 
circuit  through  the  mine,  following  the  foot-wall  in  one  direction,  and 
retumisg  along  the  hanging  wall,  or  one  of  the  drifts  may  be  in  the 
country  rock.  Such  systems  as  this  are  employed  only  in  large  properties 
handliiig  a  very  great  tonnage.    

TUNNELS. 

Miniiif  tunnels  are  usually  of  small  cross-section  compared  with  those  that 
occur  in  railroad  work,  it  being  rare  that  their  size  is  such  that  they  cannot 
be  driven  in  f\ill  section,  and  if  the  ground  is  firm  the  operation  of  placing 
the  lining  may  follow  behind  the  work  of  driving.  They  are  generally 
lined  with  timber,  and  in  case  the  ground  is  of  a  soft  or  treacherous  nature, 
bridged  square  sets  and  forepoling  are  employed,  with  or  without  breast 
boards,  as  the  necessity  of  the  case  demands.  When  the  material  is  firm 
rock,  the  tunnel  is  sometimes  not  lined,  the  roof  being  given  an  arched 
form.  The  various  forms  of  timbering  employed  as  tunnel  linings  are 
shown  in  the  sections  on  Timbering. 
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Choio*  of  Timber.— Timber  used  for  underground  supports  in  mines  should 
be  long-grained  and  elastic,  and,  at  the  same  time,  should  not  be  too  heavy. 
Oak,  beech,  and  similar  woods  are  very  strong,  but  are  heavy  to  handle,  and 
when  set  in  place  are  treacherous,  owing  to  the  fact  that  they  are  short- 
grained  and  not  elastic,  so  that,  though  strong,  when  they  do  break,  they 
break  without  warning.  Mine  timber  is  placed,  not  with  the  intention  of 
ultimately  resisting  the  great  pressure  of  the  earth,  but  so  that  it  may  keep 
any  loose  pieces  in  place  and  also  to  give  warning  to  the  workmen,  thus 
enabling  them  to  escape  before  a  fall  occurs.  For  this  reason,  pine  and  fir 
are,  as  a  nile,  better  for  mine  timbering,  as  they  combine  a  rair  amount 
of  strength  with  considerable  elasticity,  and  hence  give  warning  long  before 
they  break.  Very  elastic  timbers,  such  as  cypress,  willow,  etc.,  are,  as  a  rule, 
to  be  avoided,  on  account  of  the  fact  that  they  will  simply  bend  like  a  bow, 
without  offering  the  necessary  resistance  to  hold  the  material  in  place  for  a 
short  time. 

Preservation  of  Timbers.— The  character  of  the  ventilation  in  a  mine  has 
considerable  effect  on  the  life  of  any  timber  supports.  Damp  stagnant  air 
will  cause  mold  and  fUngus  growth,  which  will  be  followed  by  the  destruc- 
tion of  the  timber  through  decay  or  dry  rot.  All  timbered  openings  should 
be  well  ventilated,  and  provision  made  for  the  speedy  removal  of  damp  hot 
air,  such  as  conmionly  occurs  around  pump  rooms  and  along  steam  lines. 

Water  is  a  good  preservative,  as  it  washes  off  the  spores  of  the  fUngi  as 
fast  as  they  are  formed,  and  sometimes  shaft  timbers  are  kept  wet  on 
account  of  the  preservative  action  of  the  water. 

Timber  may  be  also  preserved  (1)  by  a  solution  of  common  salt  and 
water;  (2)  by  impregnating  the  wood  with  such  metallic  substances  as  sul- 
phatesjof  copper,  iron,  etc.;  (3)  by  impregnation  with  the  chloride  of  mag- 
nesium or  zinc;  (4)  by  creosoting;  (5)  by  coal  tar;  (6)  by  carbolineum. 

k  solution  of  1  lb.  of  salt  in  4  or  5  gal.  of  water  rives  a  cheap  and  easily 
applied  preservative  with  which  the  timber  should  be  thoroughly  soaked. 


266 


MINE  TIMBER  AND  TIMBERINQ. 


Sulphate  of  iron  is  economical  and  effective.  In  the  zinc  process,  a  aolu 
of  1  part  of  liquid  chloride  of  zinc  (Sp  Gr.  1.5)  mixed  with  35  gal.  of  w 
is  forced  into  the  wood  by  pressure.  Impregnation  with  crude  crec 
oil  is  effective,  but  it  has  the  disadvantage  of  making  the  timber  ^ 
inflammable.  Creosote  acts  in  a  threefold  manner:  (1)  It  fills  the  p 
and  prevents  saturation  by  water;  (2)  it  destrojrs  organic  life;  (3)  the 
bolic  acid  that  it  contains  coagulates  the  albuminoids  and  prevents  de 
Painting  with  liquid  tar  is  effective,  but  makes  the  wood  very  inflamms 
Painting  with  ordinary  whitewash  is  also  said  to  ^ive  gooo-  results, 
bolineum  is  said  to  be  eflFective,  but  is  quite  exi)ensive.  It  is  applied  i 
a  brush,  or  by  steeping  in  a  tank;  1  gal.  will  cover  300  to  400  ft.  oftimber. 

Professor  Louis,  of  England,  has  shown  that  preservatives  decrease 
strength  of  timber  flx>m  8^  to  20?i,  depending  on  the  process  used. 

The  following  table  gives  the  results  of  tests  made  by  different  metl 
of  treating  wood  at  Saint  £lroy,  France,  and  recorded  in  1890: 

Tests  of  PRESKavAHVES  for  Mine  Tisoeb. 


Name  of  Preservative. 

Relative  Preservative  Effect. 

Oak.       Fir. 

Pine. 

Beech. 

Birch. 

Poi 

Tar                                   

27.8 
10.5 
42.1 
18.0 
1.7 

263.5 

50.0 

12.0 

12.5 

2.5 

87.5 
26.3 
8.0 
4.2 
4.4 

105,4 
18.6 
1.8 
4.7 
0.6 

26.2 
52.5 
2.5 
3.7 
3.3 

IfVT 

Chloride  of  zinc 

34 

Sulnhate  of  coDDer 

Ifi 

Sulphate  of  iron 

? 

Creosote          

1 

The  simple  removing  of  the  bark,  under  some  circumstances,  seems  tc 
advantageous,  but,  in  some  woods,  if  the  bark  is  removed,  the  sap  w 
should  also  be  removed.  In  many  cases,  the  sap  wood  of  coniferous  ti 
is  as  strong  or  stronger  than  the  heart  wood,  and  for  this  reason  it  sho 
not  be  removed.  Also,  in  the  case  of  many  coniferous  trees,  the  bark  set 
to  act  as  a  protection  to  the  timber  in  the  undersTound  workings.  I 
becomes  necessary  to  reduce  the  size  of  the  Indiviaual  sticks,  it  is  usui 
better  to  split  them  than  to  saw  them,  especially  in  the  case  of  wood  fi 
coniferous  trees,  as  this  does  not  destroy  the  sap  wood  or  unduly  Injure 
grain  or  fibers  of  the  stick.  Generally  speaking,  mine  timbers  last  Iod 
when  kept  wet,  and,  on  this  account,  some  of  the  mines  in  Europe  h 
introduced  a  system  of  pipes  for  spraying  the  timbers  in  dry  portions  of 
mine.  When  timbers  are  alternately  wet  and  dry,  they  are  destroyed  v 
amazing  rapidity.  Timber  should  be  probed  from  time  to  time  to  ascen 
its  condition,  as  timbers  may  appear  sound  on  the  outside  when  the  heai 
completely  destroyed  by  dry  rot.  In  selecting  props,  the  principal  point 
be  observed  are:  Straightness,  slowness  of  growth  as  indicated  by  nan 
annular  rings,  freedom  from  knots,  indents,  resin,  gum,  and  sap.  T 
should  also  be  well  seasoned  before  use.  With  these  precautions  and  pre 
mine  ventilation,  fungus  growth  may  generally  be  obviated  and  durabi 
insured. 

Placing  of  Timber.— The  individual  sticks  should  never  be  weakened 
cutting  mortise  and  tenon  joints.  The  pressure  should  be  evenly  distribu 
over  a  number  of  sticks,  and  not  concentrated  or  centered  at  one  po 
Centers  of  revolution  should  be  avoided.    The  individual  sticks  should 

E laced  in  the  direction  of  the  strain  that  they  are  to  resist,  so  that  they  i 
e  subject  to  compression  along  their  length  rather  than  to  a  tran8v< 
strain.  The  individual  sticks  should  be  so  placed,  and  the  joints  so  form 
that  the  pressure  tends  to  strengthen  rather  than  weaken  the  structure  ui 
the  crushing  strength  of  the  timber.  In  the  case  of  large  stopes,  the  timl 
ing  should  be  done  according  to  some  regular  system,  while,  at  the  faci 
coal  mines,  single  props  or  posts  are  usually  found  better,  owing  to  the  1 
that  their  duty  is  only  to  support  the  loose  portion  of  the  roof  for  a  limi 
time.  Probably  the  most  important  point  is  to  timber  in  time,  before 
rock  becomes  broken  or  begins  to  settle.  ^         i 
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It  seems  grenerally  asreed  that  the  main  weight  in  mines  comes  nearly  at 
ri^ht  angles  to  the  l)edaing,  and  that  the  props  should  be  mainly  set  in  that 
direction.  If  the  deposit  is  horizontal,  the  weight  generally  comes  vertically ; 
but  If  the  deposit  is  inclined,  the  weight  comes  at  a  right  angle  to  the  inclina- 
tion. Some  authorities  hold  it  as  a  principle  that  all  props  should  be  set  at  a 
rectangle  agrainst  the  main  pressure.  Others,  in  order  to  guard  against 
possible  side  thrusts  and  a  tendency  of  the  ordinary  weight  to  ride  to  the  dip 
in  inclined  deposits,  purposely  cause  a  sufficient  number  of  props  to  be  set 
slightly  deviating  ftom  the  common  axis. 

Sawyer  fixes  a  maximum  and  minimum  slope  for  the  props,  varyins:  with 
the  rate  of  dip.  He  makes  this  maximum  slope  of  the  props  one-sixtn  that 
of  the  dip,  and  the  minimum  slope  one-third  of  the  one-sixth. 

Proi>s  are  usually  set  with  the  Dutt  end  downwards,  but  not  always.  Hav- 
ing the  butt  end  upwards  adds  a  trifle  to  the  weight  on  the  lower  end,  but 
the  larger  size  at  the  top  should  lessen  the  liability  of  its  being  split  by  a 
coupling  resting  on  it,  and  also  gives  more  surface  for  abrasion  in  liammer- 
ing  up  against  a  rough  roof.  Both  ways  may  therefore  have  advantages 
accoroing  to  the  circumstances.  The  butt  end  downwards,  with  air  circu- 
lating, is  the  way  Molesworth  recommends  for  stocking. 

Size  off  Timber.— The  general  tendency  at  all  metal  mines  at  present  is 
toward  the  use  of  systematic  frames  composed  of  small  sizes  of  timber,  rather 
than  toward  the  use  of  large  individual  sticks.  The  advantages  are:  (1)  the 
small  timber  is  cheaper  and  easier  to  procure;  (2)  it  is  easier  to  handle,  and 
hence  costs  less  to  place  in  position.  By  making  the  frames  according  to 
some  regular  system,  the  individual  sticks  can  be  fhtmed  on  the  surface  by 
machinery  so  that  better  joints  are  secured.  The  setting  of  timber  can  be 
done  by  less  experienced  help  when  it  is  all  alike. 

Joints  in  Mino  Timboring.— in  all  mine  timbering,  the  object  is  to  so  form 
the  joints  that  no  fastenings  will  be  necessary  and  that  the  shape  of  the 
pieces  will  be  such  that  the  pressure  from  the  surrounding  material  will 
Keep  the  joints  tight.  The  reason  for  this  is  that  any  metal  joints  usually 
corrode  rapidly  in  mines,  and  that,  when  it  becomes  necessary  to  replace 
timbering,  this  can  be  done  with  greater  ease  if  the  sticks  are  so  framed 
that,  by  relieving  them  temporarilv  of  the  pressure  from  the  sides  and  top, 
they  can  be  simplv  lifted  out  of  place  and  new  ones  substituted.  The  use 
of  a  framing  macnine  renders  it  possible  to  frame  the  joints  more  exactly 
than  with  hand  framing.  With  hand-framed  timbers,  the  joints  are  always 
cut  a  little  free  to  allow  for  any  unevenness  in  the  surface,  but,  if  machine- 
framed,  they  are  sure  to  be  of  the  same  size.  As  timber  does  not  shrink  in 
the  direction  of  its  grain,  it  is  evident  that  where  the  posts  meet,  if  the 
caps  shrink  slightly,  tney  will  become  loose  in  the  space  between  the  shoul- 
ders; hence,  if  timbers  are  cut  green  and  framed  to  the  exact  size,  subse- 
quent shrinking  may  open  some  of  the  joints.  This  may  be  obviated  by 
keeping  the  timber  moist. 

The  method  of  taking  timbers  into  a  mine  depends  on  the  size  and 
number  of  timbers  used  and  on  the  character  of  the  opening  into  the  mine. 
In  drift  or  tunnel  mines,  timbers  are  sent  in  on  flat  cars  built  especially  for 
the  purpose,  or  in  the  regular  mine  cars.  In  vertical  shafts,  they  are  usually 
stood  on  end  on  the  floor  of  the  cage,  and  lashed  together  and  also  to  the 
supports  of  the  cage.  Where  the  opening  is  an  incline,  it  is  the  common 
practice  to  load  the  timbers  into  a  sKip  and  thus  lower  them  into  the  mine. 
Timber  should,  wherever  possible,  be  framed  on  the  surface. 

Undorsetting  of  Props.— Props  at  the  working  face  should  not  be  set  at 
right  angles  to  the  inclined  noor  of  the  seam,  but  should  be  underset,  and 
the  greater  the  inclination,  the  greater  the  underset.  The  amount  of  under- 
set should  vary  with  the  inclination  of  the  seam,  and  should  not  be  so 
great  that  the  props  will  fall  out  before  the  roof  has  tightened  them. 

Forms  of  Mino  Timbering  and  Underground  Supports.— The  timbering  of  a  mine 
may  be  divided  into  two  heads:  (1)  timbering  the  working  faces;  (2)  tim- 
bering the  roads. 

The  roof  may  be  supported  (a)  by  packing  the  waste  places  entirely 
where  sufficient  material  is  obtainable  for  the  purpose,  and  timbering  the 
faces  and  roads;  (6)  by  partially  packing  the  waste,  by  buildings  or  stone 

Eillarswith  intervening  spaces,  and  by  timbering  the  face  and  roads;  (c) 
y  timbering  the  face  and  roads  and  supporting  the  roof  in  the  waste  places 
by  wooden  or  stone  pillars,  but  without  any  packing;  (d)  by  timbering  alone 
without  any  packs  or  walls  whatever;  (e)  by  supporting  the  main  roads 
with  brick  arching,  or  by  steel  or  iron  supports. 
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The  accompanjrinff  plates  include  all  the  common  forms  of  mine  timb 
ing  and  underground  supports. 

Fig.  1  shows  a  post  a  and  broast  cap  b.  The  breast  cap  b  is  also  sometin 
called  cap,  head-block,  headboard,  lid,  or  bonnet.    Sometimes  the  posts  t 

E laced  upon  blocks  of  wood  similar  to  the  head-blocks  or  headboards,  t 
lock  being  called  a  sote;  at  other  times,  two  or  more  posts  mav  be  set  up 
'  one  long  block  of  timber  called  a  sitt.    When  posts  are  used  in  inclin 

Ithey  should  not  be  set  perpendicular  to  the  foot  and  hanging  walls,  I 
should  be  underset  slightly,  so  that  any  tendency  of  the  hanging  wall 
settle  will  bring  the  posts  nearer  at  right  angles  to  the  walls,  and  so  tifirht 
i  them;  the  amount  of  underset  should  never  be  more  than  one-sixtn  t 

pitch  of  the  deposit.  Where  posts  are  set  at  an  angle,  they  are  usoa 
placed  on  wedges,  and,  as  the  pressure  comes  on^  the  wedges  are  tightens 
Fig.  2  represents  a  stull  a,  which  is  used  either  to  keep  the  walls 
perpendicular  or  steeply  inclined  beds  or  veins  apart,  to  support  plankl 
or  lagging  as  a  working  platform,  or  as  a  platform  upon  which  to  p 
ore  or  rock. 

Fig.  8  represents  cockermegs,  which  are  simply  timber  frames  employ 
in  coal  mines  for  holding  the  face  of  the  coal  in  place  while  it  is  bei 
undercut.  They  are  composed  of  a  pole  c  extending  along  the  fece  a 
supported  by  short  stuUs  or  braces  a,  the  whole  being  tightened  into  pla 
by  tne  long  stulls  b. 

Fig.  4  snows  a  crib,  cog,  choofc,  pillar,  or  shanty  built  up  of  timbers  a 
filled  with  waste  rock.  It  is  intended  to  serve  as  a  pillar  and  to  withsta 
great  vertical  pressure,  doing  away  sometimes  with  the  necessity  of  leavi 
pillars  of  ore. 

Fig.  7  is  a  cribbing  framed  from  round  timbers  laid  skin  to  skin,  and  us 
in  raises  or  ore  chutes. 

Gangway  or  Level  Timbers.— Fig.  5  is  a  set  employed  in  the  case  of  an  ext 
A  wide  gangway,  there  being  a  center  post  under  the  middle  of  the  cap.    Tl 

form  of  set  may  be  provided  with  a  sill  when  the  floor  of  the  drift 
I  gangway  is  soft. 

]  Big.  6  shows  a  form  of  drift  set  surrounded  by  bridging  and  used  wh€ 

I  such  bad  ground  is  encountered  as  to  necessitate  forepoling.    A  are  t: 

posts,  B  the  caps,  and  C  the  sill  of  the  regular  set;  D  are  upright  brid 
pieces;  E  a  horizontal  bridge  piece  separated  from  the  set  proper  by  bloc 
I  i*'  so  as  to  provide  spaces  H  around  the  regular  set  through  wmch  the  spil 

J  or  forepoles  can  be  driven. 

I  Fig.  8  shows  a  form  of  drift  set  sometimes  employed  in  very  heavy 

swelling  ground.    This  method  of  framing  the  timbers  shortens  each  pie 
1  and  reduces  the  transverse  strain  on  all  the  timbers. 

Fig.  9  shows  an  ordinary  drift  set  provided  with  a  sollar  for  ventilatii 
'  purposes.    An  additional  brace  b  is  placed  parallel  to  the  cap  c,  and  this 

4  covered  with  plank  lag^ng  a,  so  as  to  provide  a  passage  above  the  regal 

l|  drift,  which  may  be  used  as  a  return  air-course. 

Fig.  10  is  a  simple  form  of  drift  set  employed  when  the  roof  and  walls  a 

i  of  soft  material,  but  the  floor  material  firm.    It  is  composed  of  .posts  I,  up4 

a  which  is  placed  the  cap  c.    The  joggle  cut  into  the  cap  to  receive  the  hea 

of  the  post  should  never  be  less  than  1  in.  nor  more  than  one-third  tl 

*  thickness  of  the  cap.    The  cap  is  usually  made  of  such  a  length  that  tl 

.posts  I  have  an  inclination  or  batter  as  shown  in  the  illustration,  thus  givii 

greater  strenprth  to  resist  side  pressure  without  decreasing  the  floor  area 

the  drift,  which  may  be  necessary  for  drains,  ditches,  water  pipes,  etc.  at  tl 

sides  of  the  track.    When  the  floor  is  not  composed  of  solid  material,  tl 

posts  I  may  be  set  upon  a  sill  that  is  framed  to  fit  the  legs  in  a  mann 

similar  to  that  shown  for  the  cap.    The  joggle  cut  in  the  sill  should  never  1 

less  than  1  in.  nor  more  than  one-third  the  thickness  of  the  sill.    The  sill 

usually  composed  of  lighter  material  than  the  cap,  is  fiattened  on  oi 

or  botn  sides,  and  is  sometimes  used  as  one  of  the  ties  to  receive  t! 

track. 

Fig.  11  shows  a  post  I  and  the  cap  or  collar  c,  used  where  one  wall  is 
firm  material.  On  one  end  the  cap  is  placed  in  a  hitch.  When  the  coll 
is  supported  in  a  hitch,  it  is  sometimes  said  to  be  needled,  the  operation  beii 
called  "  needling."  The  bottom  of  the  post  a  is  also  secured  in  a  hitch, 
case  there  is  any  side  pressure.  To  keep  the  surrounding  material  in  plac 
lagging  is  necessary,  as  shown  behind  tne  timbers  in  Figs.  5, 10,  and  11. 
the  case  of  running  ground,  the  lagging  is  usually  made  from  sawed  materi 
i  driven  close  together. 
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.  Fig.  13  illustrates  a  method  of  spiling  or  forepoling.  a  are  the  posts  of 
regular  set,  b  the  caps,  and  e  the  top  bridging.  The  front  ends  of  the  s\ 
from  any  given  set  rest  on  the  bnd^ng  of  the  next  advanced  set,  and 
spiles  for  advancing  the  work  are  dnven  between  the  bridging  and  the 
as  shown  in  the  illustration.    To  force  the  spiles  out  into  the  ground,  t 

!  to  provide  room  for  the  placing  of  the  next  set,  tail-pieces  i  are  emplo 

these  are  placed  behind  the  back  end  of  the  spiles  as  they  are  being  dri 

,  After  the  spiles  have  been  driven  forward  the  desired  amount,  anothe 

is  placed,  the  tail-pieces  knocked  out,  and  the  fh)nt  end  of  the  spiles  alio 

'  to  settle  aeainst  the  bridging  of  a  new  set.    Where  the  &ce  Is  compose 

I  extremely  Dad  material,  it  may  be  necessary  to  hold  it  in  place  with  & 

boards,  as  shown  at  k,  the  breast  boards  being  held  in  place  by  props  2,  wl 
rest  against  the  forward  set.  When  breast  boards  are  used,  it  is  usu 
necessary  to  employ  foot  and  collar  braces  between  the  sets,  so  as  to  trai 
the  pressure  of  the  breast  back  through  several  sets. 

Fl^.  14  shows  a  method  of  placing  drift  sets  in  the  case  of  very  heav 
swelling  ground,  a  are  the  posts,  c  the  sills,  b  the  caps,  d  are  the  o 
braces  that  bear  against  both  the  caps  and  the  posts,  while  e  are  foot  or 
braces  that  bear  against  both  the  sills  and  the  posts;  /are  diagonal  braces 
are  halved  together  and  placed  as  shown. 

Shaft  Timbering.— Fig.  12  shows  square-set  timbering,  sometimes  emplc 
for  shaft  lining.  A  are  the  wall  plates,  B  the  end  plates,  C  the  bunt 
and  D  the  posts.  The  method  of  framing  the  dinerent  parts  is  pla 
shown. 

Fig.  15  represents  cribbing  sometimes  employed  for  shafts.  It  is  compf 
of  heavy  sawed  material  halved  together  at  the  ends,  as  shown.  The  1 
pieces  a  are  called  wall  plates,  and  the  short  pieces  b.  end  plates.  Between 
compartments  a  partition  is  built  up  of  pieces  c  called  buntons.  The  end 
the  Duntons  are  let  into  the  wall  plates  an  inch  or  so,  as  shown  in 

•  illustration,  and  should  be  so  placed  that  they  will  break  Joints  with 
.  individual  pieces  of  the  wall  plates,  thus  preventing  the  timbers  of 
I  single  set  from  bulging  into  the  shaft. 

Fig.  16  shows  another  method  of  framing,  sometimes  employed  for 

I  end  and  wall  plates  where  square-set  timbering  is  used  in  shafts.    The 

and  wall  plates  are  halved  together  as  shown.    A  beveled  face  is  oj 

formed  at  D.    This  construction  necessitates  the  cutting  of  a  tenon  on 

•  end  of  the  post  F  as  shown.  S  is  a  2"X  2''  strip  nailed  along  the  cente 
i  the  back  or  the  wall  and  end  plates  as  a  support  for  the  iMging  tha 
i  placed  outside  of  the  sets.  The  lagging  is  usually  composed  of  2"  oi 
,            plank. 

I  Fig.  18  shows  the  use  of  hangers  between  the  individual  square  sets.   ' 

hangersare  bolts  provided  with  hooks  on  the  ends,and  are  employed  to  supj 

the  sets  as  the  work  progresses,  the  posts  serving  to  keep  the  sets  prop< 

i  spaced,  while  the  hangers  keep  the  sets  tight  against  the  posts.    Hangers 

^  not  always  left  in  permanently,  but  may  be  removed  after  a  considers 

section  of  the  shaft  has  been  completed. 

•  Fig.  19  shows  a  method  of  applying  rough  square  sets,  made  from  roi 

•  timber,  to  the  sinking  of  a  small  prospecting  shaft  by  the  use  of  forepoU 
g  A  is  the  first  set  of  timbers  and  J  the  second.  The  hangers  are  made  ii 
9           2''x  4"  timbers  F  spiked  to  the  sets  and  to  the  supports  O.    The  support 

from  which  the  sets  are  hung  are  placed  over  sills  if,  which  are  situated 
a  convenient  distance  from  the  collar  of  the  shaft.  D  represents  the  lags 
of  the  first  set  that  is  usually  spiked  to  the  set.  K  is  the  forepoling  t 
becomes  the  lagging  between  the  second  and  third  sets,  and  C  the  tall-pie 
employed  for  forcing  the  lagging  out  into  the  eround.  The  hangers  betwi 
the  next  two  sets  would  be  spiked  to  the  other  two  timbers  'of  the  s 
Where  the  bottom  of  the  shaft  is  very  bad,  it  may  be  necessary  to  use  bn 
boards,  as  illustrated  in  Fig.  20,  in  which  the  shaft  is  being  put  down 
means  of  square  sets  and  forepoling  with  the  use  of  breast  boards. 

Square  Sets.— Fig.  21  illustrates  one  method  of  framing  square-set  timl 
ftom  sawed  material  for  use  in  stopes  in  mines.  A  are  the  posts,  B  the  c 
and  sills,  while  C  are  the  sprags  or  stuttles.  The  method  of  framing  the  jol 
is  clearly  shown  in  the  illustration.  Sometimes  both  caps  and  sprags 
made  of  the  same  sized  material  and  are  framed  alike. 

Fig.  17  shows  a  method  of  framing  round  timbers  for  square  sets.  ^ 
dimensions  /  and  c  are  usually  made  about  10  in.,  d,  e,  and  i,  each  2 
a  depends  on  the  diameter  of  the  post;  b  is  usually  cut  down  to  an  angL 
V)Ut  45°. 
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Landings,  Plata,  or  Stations.— Fig.  22  is  one  method  of  Umbering  a  pli 
station.  The  reRUlar  square-set  timbering  of  the  shaft  is  continued 
the  station  and  tne  heavy  stuU  or  reacher  a  put  across  at  the  bottom  o 
station.  The  posts  b  are  bolted  against  the  posts  of  the  sets  and  the  < 
placed  on  top  of  them.  After  this,  the  wall  plates  are  cut  out  betweex 
posts  6,  and  the  station  opened  and  timbered  as  shown  in  the  illustral 
The  hei&rht  of  the  station  is  gradually  reduced  to  that  of  the  drift  or  1 
connecting  with  it. 

Fig.  23  represents  a  method  of  timbering  a  level  in  a  slope  where 
'  ground  is  so  firm  that  only  stuUs  are  employed  in  the  slope  and  at 

station,  the  timbers  all  being  secured  in  hitches  or  by  stulls.  a  repres 
the  stulls  and  c  the.  timbers  that  are  spiked  to  the  stulls  and  carrv 
stringers  for  the  car  track,  b  represents  the  car  track  fh)m  the  level  m 
brought  across  above  the  skip  track. 

Special  Forms  of  Supports.— Fig.  24  shows  a  stone  arch  which  as  a  i 
supports  the  waste  material  in  the  level. 

Fig.  25  shows  a  stone  arch  when  one  wall  of  the  formation  reqi 
support. 

Fig.  26  illustrates  a  passage  lined  by  a  combination  of  stone  or  biick  ¥ 
with  wooden  caps  and  lagging  for  the  roof. 

Fig.  27  illustrates  the  lining  of  a  drift  or  level  supported  by  means  of  : 
or  steel  shapes  bent  into  the  form  of  an  arch  and  employed  for  the  suppo] 

Fig.  28  illustrates  a  cast-iron  post  or  stull  that  has  been  successfully  i 
as  a  support  in  mines.  It  is  composed  of  two  pieces  a  and  b,  held  toge 
by  a  collar  c.  By  driving  c  down  on  the  post,  the  two  pieces  can  be  ta 
apart  and  the  post  moved. 

Fig.  29  illustrates  a  masonry  shaft  lining  supported  by  means  of  cast-: 
plates  C  set  in  bell-shaped  cavities  cut  in  the  walls  of  the  shaft.    As 

I  masonry  of  a  section  from  below  is  built  up  toward  that  above,  the  o 

hanging  portion  D  is  cut  out  a  little  at  a  time,  and  the  masonry  fh)m  be 

4  built  up  under  the  plate  so  that  the  lining  becomes  continuous. 

Fig.  30  illustrates  masonry  shaft  linings,  supported  by  artificial  ston< 

J  cement  foundations  built  in  bell-shaped  cavities  cut  in  the  walls  of  the  si 

The  blocks  of  artificial  stone  are  provided  with  inclined  bearings  C,  wl 
serve  to  transmit  a  portion  6f  the  downward  thrust  of  the  lining  in 
direction  of  the  arrow. 

^  Iron  and  Steel  Supports.- The  use  of  iron  or  steel,  either  for  vertica 

horizontal  supports  in  mines,  has  not  become  at  all  general.  In  Amei 
timber  is  as  yet  comparatively  cheap  in  most  mining  localities,  but  this  e 

[  ation  is  fast  changing  and  the  timber  reserves  are  being  rapidly  cut 

so  that  many  mines  now  using  wood  must,  in  the  comparatively  r 

•  future,  resort  to  some  other  form  of  support.    Some  of  the  disadvantage 

i  metal  supports  are  their  greater  initial  cost,  and  on  this  account  it  is  esi 

%  tial  that  all  such  supports  should  be  recovered.    As  very  little  timbc 

recovered  in  American  mining,  this  objection  is  one  that  will  probably  < 

0  tinue.    The  mine  water  is  often  of  such  a  character  that  it  will  dissolve  i 

m  or  steel;  particularly  is  this  the  case  in  copper  mines,  and  in  any  mi 

where  there  is  much  pyrites.    Metal  mines  keep  their  shaft  sets  open  h 

'  short  time  compared  with  the  pit  bottoms  of  large  coal  mines,  and  he 

the  extra  cost  of  metal  construction  is  frequently  not  warranted.  The 
tricts  in  which  metal  mines  are  located  are  more  likely  to  be  disturbed  tl 
is  the  ground  over  a  coal  mine,  and  if  timbering  is  crushed,  it  is  much  ea 
to  repair  than  iron  or  steel.  Another  objection  to  metal  supports  is  the  : 
that  they  cannot  be  as  easily  fi*amed  ana  worked  as  timber. 

On  the  other  hand,  the  life  of  metal  is,  under  ordinary  circumstan 
much  greater  than  that  of  timber,  and  while  the  inital  cost  may  be  grea 
whenever  the  metal  can  be  recovered  it  can  be  used  over  and  over  agi 
and  it  always  has  a  certain  value  as  scrap  iron  or  steel.  After  a  metal  \h 
has  bent,  it  can  still  be  used  by  simply  turning  it  upside  down.  Anol 
advantage  for  steel  is  that  it  occupies  less  space  than  timber  or  masoi 
and  thus  gives  a  larger  effective  area  of  roadway  for  the  same  cost  of  drivi 
or  else  the  amount  of  excavation  may  be  reduced. 

Although  metal  has  not  been  greatly  used  for  props  or  upright  suppc 

it  has  been  quite  extensively  used,  both  in  America  and  abroad,  for  t 

porting  shaft  bottoms  and  landings,  and  in  England  it  has  been  qi 

successfully  used  for  cross-bcirs  in  timbering  roads,  the  bar  being  set  u 

ooden  legs.    In  some  of  the  European  mines,  a  complete  metal  c^^n^ 
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>eeii  used.  In  locations  where  a  constantly  increasing  pressure  comes  upon 
^e  roof,  an  elastic  bending  material  must  be  used,  and  in  such  case,  soft 
iteel  is  greatly  to  be  preferred  to  cast  iron. 
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TrettlM.— Figs.  31  and  33  illustrate  the  various  timbers  and  methodv  o/* 
cutting  the  joints  for  ordinary  railr(Mid  trestles.  In  Fig.  33  the  portion  (a)  mt 
the  left  illustrates  the  manner  of  framing  a  pile  trestle,  while  the  portion  (&> 
at  the  right  represents  the  manner  of  placing  timbers  and  cutting  the  joint 
for  the  framed  trestle.    Fig.  31  represents  bent*,  of  a  frame  and  pile  tvestle 
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md  the  side  elevation  of  a  low  pile  trestle.    The  various  pieces  in  the  figures 
•re  numbered,  and  the  accompanying  table  gives  the  names  of  the  parts. 

Bent^  Framed,  1.  Packing  Block,  11. 

Bent,  Pile,  t.  Packing  BoUs,  It. 

Cap,  5.  Piles,  Batter,  Inclined,  Brace,  IS. 

Cross- Tie,  A.  Vertical,  Plumb,  Upright,  U. 

Damping,  6.  Ptwt*, Vertical,  Plumb,  Uj^ht,  15. 

Gatning^  see  Dapping,  5.  Batter,  Inclined,  16. 

Guar<l-lRaa,  6.  SiU,  17. 

Jack-Stringer,  7.  <  Stringer,  18. 

Longitudinal  Brace,  8.  Sway-Brace,  19. 

Mortise,  9.  Tmon,  tO. 

Mud  SiU,  10.  Waiing  Strip,  see  Longitudinal 

Notching,  Gaining,  Dapping,  5.  Brace,  8. 

Fig.  32  Illustrates  a  bent  of  a  firame  trestle  that  is  fastened  together  entirely 
by  means  of  drift  bolts,  no  joints  whatever  bein^  cut. 

Figs.  34  and  35  illustrate  one  manner  of  cutting  the  tenons  and  mortises 
on  the  ends  of  the  batter  braces  and  posts  and  ftame  bents,  and  also  the  drain 
holes  that  are  bored  iu  the  mortise  to  prevent  the  timber  from  rotting.  Usually 
the  sUls  are  notched  or  boxed  to  receive  the  ends  of  the  timbers,  in  addition 
to  having:  m^ortises  formed  in  them.  Figs.  36  and  37  show  such  Joints  for 
Teceivinff  the  batter  brace  and  post. 

Fig.  38  illustrates  the  manner  in  which  a  tenon  is  sometimes  formed  on 
the  top  of  the  pile  to  secure  the  cap.  When  the  cap  is  secured  by  a  tenon, 
the  two  are  united  by  a  wooden  pm  shown  in  the  lower  part  of  the  figure, 
and  known  as  a  treenail. 

Fig.  39  illustrates  a  manner  in  which  the  cap  miay  be  placed  upon  a  pile 
trestle  by  splitting  the  cap  into  two  pieces,  a  and  b  with  the  tenon  c  the  fiiU 
width  of  the  pile  between  them. 

Fig.  40  illustrates  the  manner  in  which  the  cap  is  sometimes  secured  to  a 
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pile  by  means  of  a  drift  bolt,  and  Fig,  41  shows  the  manner  in  which  the 
same  thing  may  be  accomplished  with  the  use  of  a  dowel. 

Figs.  42  and  44  show  two  methods  of  longitudinal  bracing  between  the 
bents  of  the  trestles  for  inclined  planes,  such  as  are  used  at  breakers  or 
concentrating  mills. 

Fig.  43  is  an  elevation  of  a  high  trestle,  showing  the  cross-bracing  and 
framing  of  the  structure. 

Timber  Head-Frames  or  Head-Gears.— Fig.  45  is  the  simplest  form  of  head-, 
gear,  which  consists  of  a  vertical  post  to  carry  the  weight  of  the  sheave,  etc., 
and  a  diagonal  post  that  approximately  bisects  the  angle  between  the  rope 
from  the  drum  and  the  rope  hanging  down  the  shaft,  thus  taking  the 
resultant  pull  upon  the  axle  of  the  sheave.  There  is  usually  some  extra 
timbering,  as  shown,  to  support  the  cage  guides  and  form  a  platform  about 
the  sheave  for  convenience  in  oiling. 

Fig.  46  shows  a  modified  form  of  the  same  type  of  frame,  in  which  the 
main  upright  leg  is  vertical  and  in  which  there  is  also  another  vertical 
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member  on  the  opposite  side  of  the  shaft.    The  inclined  leg  is  also  braced 
and  connected  to  the  main  vertical  member. 

Fig.  47  is  a  head-frame  for  an  inclined  shaft  where  the  ore  pocket  is  in  the 
structure  carrying  the  sheaves.    Such  head-frames  are  sometimes  enclosed 
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in  their  ujjper  portions  in  a  building  so  as  to  protect  the  men  during  winter. 

Fig.  48  is  a  form  of  framing  quite  common  in  the  anthracite  coid  fields  of 
Pennsylvania,  in  which  the  timbers  are  further  braced  by  tie-rods,  as  shown. 

Steel  Shaft  Bottoms.— Fig.  49  is  a  shaft  bottom  fitted  with  steel  supports, 
the  posts  being  Z-bar  columns  and  the  caps  being  replaced  by  I  beams, 
which,  in  the  station  proper,  are  supported  on  stone  or  brick  walls.  This 
metal  construction  is  employed  throughout  all  the  portion  of  the  bottom 
landing  and  passages  where  the  cars  are  handled  after  they  are  brought 
from  the  workings  or  before  they  are  returned  to  the  workings. 

Undersetting  of  Props.— The  following  table,  from  Sawyer's  "Accidents  in 
Mines,"  gives  the  maximum  and  minimum  angles  at  which  props  should  be 
set  for  varying  inclinations.  This  table  can  be  taken  as  a  general  guide, 
but  It  does  not  take  account  of  the  length  of  prop  nor  the  varying  amounts 
of  movement  of  the  top  rock  under  different  conditions,  o 
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Angle  or  Underset  of  Props. 

Kate  of  Iiicliuation  of 
Seam. 

Degrees. 

Minimum 

Maximum 

Degrees. 

Degrees. 

G 

0 

1 

12 

0 

2 

18 

1 

3 

24 

1 

4 

30 

2 

5 

36 

2 

6 

42 

2 

7 

48 

3 

8 

54  and  upwards 

3 

9 
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No  definite  rules  can  be  given  for  the  selection  of  a  method  of  mining 
that  will  cover  all  the  conditions  that  may  exist  at  any  given  mine.  Each 
mine  is  a  distinct  and  separate  proposition,  and  each  superintendent  must 
judge  how  he  will  adapt  the  general  principles  here  given  to  the  local 
conditions  at  his  own  mine.  Every  system  or  mining  aims  to  extract  the 
maximum  amount  of  the  deposit  in  the  best  marketable  shape  and  at  a 
minimum  cost  and  danger.       

OPEN  WORK. 

Open  work  applies  to  the  working  of  all  deposits  that  have  no  overburden, 
or  to  those  in  wnich  the  overburden  or  overlying  material  is  stripped  from 
the  portion  of  the  deposit  to  be  removed  by  hand,  steam  shovels,  scrapers, 
etc.  It  includes  particularlv  all  quarries  and  placer  workings,  and  can  be 
applied  to  many  mineral  ana  coal  deposits. 

The  advantagci  of  this  system  are  that  no  timber  is  required;  unprofitable 
underground  workings  do  not  have  to  be  kept  open  and  in  rei>air;  when 
required,  a  simple  hoisting  plant  is  used;  there  is  less  danger  to  the  work- 
men firom  falls  of  roof  and  from  blasting:  there  is  practically  no  danger 
from  fire;  artificial  lights  are  not  required;  mining  can  be  done  more 
economically,  as  larger  faces  are  open,  larger  blasts  can  be  used,  and  the 
amount  of  work  accomplished  per  miner  is  greater,  and  better  superintend- 
ence can  be  had;  the  health  of  the  men  i^  usually  much  better  when 
working  in  the  open;  the  deposits  can  be  more  easily  extracted  and  the  ore 
more  easily  and  more  perfectly  selected,  and,  under  proi)er  conditions,  the 
output  can  be  increased  almost  indefinitely. 

The  disadvantagea  of  open  work  are:  A  large  amount  of  overburden  often 
has  to  be  removed  and  a  place  for  sorting  this  waste  material  provided;  the 
workmen  are  exposed  to  the  weath^;  the  exx)ense  of  ox)en  work  increases 
rapidly  with  depth  of  covering. 

Open  work  may  be  dividea  into  two  general  classes:  First,  where  the 
whole  or  a  greater  part  of  the  deposit  te  of  value  and  has  to  be  removed,  as 
in  quarries  and  in  ordinary  mines;  aeeojid,  where  the  valuable  portion  is  but 
a  small  part  of  the  whole,  as  in  placers  or  fr-agmental  deposits  carrying  gold, 
platinum,  etc. 

Deposits  of  the  first  class  may  be  worked  as  follows:  (a)  The  deposit  is 
strippied,  if  necessary,  and  the  material  is  removed  by  hoisting  with  derricks 
or  a  cableway,  or  ijy  drawing  out  in  cars  with  the  use  of  underground 
passages.  This  class  includes  practically  all  quarries  for  building  or  orna- 
mental stone,  slate  quarries,  and  most  of  the  openrpit  and  steam-shovel 
iron,  phosphate,  and  similar  mines,  {b)  The  deposit  is  stripped,  and  drifts 
or  tunnels  are  extended  through  the  material  below  the  surface,  either  from 
adjacent  valleys  or  fh>m  shafts  sunk  outside  of  the  deposit.    The  material, 
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after  being  mined  in  the  open  pit,  is  thrown  through  openings  to  these  drifts 
or  tunnels,  through  which  it  is  trammed  to  the  surface  or  to  the  foot  of  the 
hoisting  shaft. 

Steam-shovei  mines  are  those  in  which  the  material  is,  when  necessar)-. 
first  shaken  loose  by  big  blasts  of  low-grade  powder,  and  then,  loaded  into 
railroad  cars  with  steam  shovels,  which  lift  the  ore  from  its  natural  bed  and 
deposit  it  in  cars  to  be  taken  directly  to  market  or  to  a  concentrating  or 
washing  plant.  Mining  is  thus  done  very  cheaply,  but  the  steam  shovel, 
from  a  mechanical  standpoint,  is  not  an  economical  machine  and  the  costs 
of  repairs  are  high.  The  expense  for  hauling  material  from  the  steam  shovel 
increases  rapidly  with  adverse  grades.  Economy  in  steam-shovel  mining 
depends  on  the  shovel  being  kept  constantly  at  work.  An  output  of  2,O0U 
tons  per  day  for  a  steam  shovel  and  one  locomotive  has  been  reached  and 
even  surpassed,  but  this  cannot  be  taken  as  an  average  for  a  season's  isrork. 
Under  favorable  conditions,  there  is  probably  no  cheai)er  method  of  mining. 
The  cost  of  removing  97,864  yd.  of  material  over  a  seam  of  anthracite  coal 
was  $1  per  ton  of  material  stripped,  and  fO.516  per  ton  of  coal  obtained.  The 
average  depth  of  the  stripping  was  75  ft.  and  about  two-thirds  of  the 
material  removed  was  rock.  The  cost  of  stripping  a  bank  15  to  18  ft.  hig^h  in 
Western  Pennsylvania  was  $0.30  pjer  cu.  yd.  of  stripping. 

By  milling  system^  the  deposit  is  stripped,  shafts  are  sunk  outside  of  the 
boundaries,  and  drifts  are  extended  through  the  ore  some  distance  from 
the  surface.  From  these  drifts,  raises  are  put  up  to  serve  as  chutes,  after 
which  the  material  is  simply  blasted  loose  and  worked  into  these  raises, 
through  which  it  passes  to  the  underground  passages,  and  is  trammed  to  the 
shafts  and  hoisted  to  the  surface.  The  advantages  of  this  system  over  the 
steam-shovel  methods  are:  It  is  not  necessary  to  make  any  long  cut  through 
the  overburden  to  bring  the  cars  on  the  surface  of  the  ore  body.  The 
mining  force  can  be  employed  underground  in  extending  drifts  and  dri^ane 
new  raises  in  bad  or  stormy  weather.  Very  little  handling  of  the  material 
by  manual  labor  is  required,  the  men  simply  working  the  loosened  ore  into 
the  chutes  by  means  of  bars  or  shovels,  without  having  to  lift  any  of  it. 
Some  of  the  soft-ore  iron  mines  have  used  this  system  very  advantageously. 

Cablewayt  in  Mining.— Cableways  are  extensively  used  for  stripping 
deposits,  for  transporting  material  aftcT  it  has  been  quarried,  and  also  for 
mining  soft  or  loose  deposits,  such  as  clays,  phosphates,  and  gravels.  The 
cost  of  removing  the  overburden  varies  greatly  with  the  nature  of  the 
ground,  and  depends  largely  on  the  distance  to  which  it  is  necessary  to 
carry  the  waste  material  before  dumping.  Frequently,  a  cableway  can  be 
installed  spanning  both  the  place  of  mining  and  the  dumping  ground.  In 
other  cases,  one  end  of  the  cableway  is  fixed  and  attached  to  a  washing  or 
gold-savine  plant,  while  the  other  end  revolves  about  this  fixed  point  in  a 
circle  until  all  of  the  material  within  this  circumference  has  been  exca- 
vated; the  entire  plant  is  then  moved  to  another  location.  The  advantages 
of  cableways  over  steam  shovels  or  dredges  are  that  the  load  may  be 
delivered  at  a  considerable  distance  f^om  the  point  of  excavation,  while  the 
entire  apparatus  rests  on  banks  entirely  clear  of  the  excavation. 

Cableways  have  been  constructed  with  single  spans  up  to  1,650  ft.,  han- 
dling 25-ton  loads,  and  delivering  an  average  dally  capacity  (10  hours)  of  617 
yd.  of  rock.  Mr.  Spencer  Miller  places  tne  following  limitations  on  the 
practical  applications  of  cableways:  Span  (single),  2,000  ft.;  load,  25  tons: 
speed  of  travel,  1,800  ft.  per  minute;  speed  of  hoist,  900  ft.  per  minute.  The 
average  practice,  however,  is  about  as  follows:  Span,  600  to  1.200  ft.;  loads. 
3  to  7  tons,  speed  of  travel,  500  to  1,000  ft.  per  minute;  speed  of  hoist,  150  to 
300  ft.  per  minute. 

Placer  or  fragmental  deposits  may  be  worked  by  means  of  a  stream  of  water 
firom  a  pipe  or  nozzle  directed  against  the  bank  (hydraulic  mining),  or  the 
material  may  be  excavated  by  hand  or  by  mechanical  means,  such  as 
dredges,  steam  shovels,  etc. 

Hydraulic  Placer  Mines.— The  material  is  broken  down  by  water  flowing 
over  the  bank,  as  flume  waterfalls,  or  along  the  ground  so  as  to  ground-sluice 
the  material.  The  material  is  frequently  just  loosened  by  means  of  picks  or 
shovels,  the  current  being  depended  on  to  carry  it  away.  This  is  commonly 
called  ground  duicing.  Another  method  of  excavating  the  material  is  to 
direct  a  stream  of  water  against  the  bank  from  a  pipe  or  nozzle.  This  is 
true  hydraulicking.  After  the  material  has  been  loosened  by  the  water,  it  is 
allowed  to  flow  through  sluices  and  over  undercurrents  or  gold-saving 
tables  so  as  to  recover  the  valuable  portions.  o 
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Placer  Mines  Worked  by  Meohanical  Means.— Where  water  is  scarce,  the 
material  may  be  excavated  by  steam  shovels  or  other  excavators,  such  as 
grab,  or  scooping,  buckets,  operated  by  cableways.  The  material  is  then 
washed  by  a  limited  supply  of  water  that  is  ft^quently  used  ov«f  and  over, 
or  it  may  be  passed  over  a  dry  washer  or  concentrator.  Both  the  steam 
shovel  and  the  cable  excavator  have  proved  very  efficient  means  for 
working  certain  classes  of  deposits. 

Dredge  Mining.— Where  the  gold-bearing  material  lies  below  the  water 
level,  or  where  water  can  be  introduced  so  as  to  float  a  boat,  a  dredge  may 
be  employed. 

For  gold  dredging,  a  dredge  should  ftilfil  the  following  conditions: 
(1)  Speed  and  readiness  in  moving  and  taking  up  different  portions;  (2)  an 
adaptability  Ibr  cleaning  up  rock,  and  for  digging  to  a  maximum  depth; 
(3)  feaability  of  working  and  of  the  banking  or  disposing  of  the  tail- 
ings; (4)  cheapness  in  working,  as  most  of  the  dredging  propositions  are  of 
low  grade. 

Three  types  of  dredges  have  been  used:  the  hydraulic  suction  dredge,  the 
shovel  dredge,  and  the  continuous-bucket  ladder  dredc^.  The  first  oi  these 
is  well  adapted  for  digging  very  small  gravel  and  sana,  but  is  not  suited  for 
boulders  or  even  large  stones  without  a  great  loss  of  efficiency.  The  con- 
tinuous-bucket dre<^  has  proved  the  most  successful  under  ordinary  cir- 
cumstances, as  it  is  controlled  by  lines  and  not  by  spiles  or  spuds,  and  hence 
can  be  shifted  more  rapidly  and  made  to  conform  to  irregularities  in  the  bed 
rock  more  readily  than  the  dipper  type.  Also,  the  continuous-bucket 
dredge  fUmishes  a  constant  supply  of  material  to  the  apparatus  used  for 
recovering  the  gold. 

A  continuous-bucket  dredge  can  operate  to  a  depth  of  fiO  ft.  According 
to  Mr.  R.  H.  Postlethwaite,  of  San  Francisco,  Cal.,  a  decided  advocate  of 
continuous-bucket  dredges,  the  cost  of  working  a  shovel  dredge  runs  from 
7  cents  per  cubic  yard  upwards;  but  he  claims  that  the  bucket  dredge  can  be 
worked  at  a  cost  of  from  3  to  5  cents  per  cubic  yard,  including  a  charge  of 
$100  per  week  for  depreciation.  The  cost  of  running  a  small  gold  dredger 
should  not  average  over  ft200  per  week— that  is  allowing  $125  for  wages,  $50 
for  fuel,  and  $25  for  repairs,  etc.  If  the  dredger  handles  10,000  cu.  yd.  per 
week,  that  would  be  at  a  cost  of  2  cents  per  cubic  yard.  If  the  material 
averaged  6  cents  per  cubic  yard,  there  should  be  an  approximate  profit  of 
$400  per  week  on  an  investment  of  from  $26,000  to  $40,000.  18  cu.  ft.  of  gravel 
in  place  will  weigh  2,000  lb.;  a  cubic  yard  will  weigh  li  short  tons. 


CLOSED  WORK. 

Under  this  general  heading  it  is  customary  to  divide  the  methods  of 
mining  into  coal-mining  methods  and  metcd-rnining  methods.  This  classifi- 
cation is  not  entirely  logical,  for  identical  methods  are  applied  to  flat  bedded 
deposits  of  coal,  iron  ore,  clay,  salt,  etc.,  and  identical  or  very  similar 
methods  to  highly  incUned  coal  seams  and  mineral  veins.  A  more  logical 
classification  is  one  based  on  the  position,  character,  and  thickness  of  the 
deposit,  but  the  older  classification  has  become  so  firmly  established  that  it 
is  not  cidvisable  to  give  it  up  entirely  in  a  pocketbook. 

Bedded  Deposits.— The  typical  and  most  extensive  bedded  mineral  deposits 
are  of  coal  and  iron  ore,  and  of  these  the  former  is  by  far  the  more  extensively 
mined.  A  description  of  the  several  methods  of  mining  coal  beds  will 
therefore  comprise  not  only  all  of  the  essential  points  in  the  mining  of  other 
bedded  deposits,  but  will  include  a  number  of  points  not  usually  considered 
in  mining  such  deposits.  The  chief  of  these  is  the  presence  of  explosive  gas 
in  such  quantities  as  to  influence  the  choice  of  a  method  of  mining.  From 
the  descriptions  of  the  methods  of  coal  mining  here  given  it  will  therefore 
be  a  comparatively  simple  matter  for  the  miner  of  clay,  iron  ore,  etc.  to 
adapt  a  method.  

COALMINING. 

6f  nersi  Considerations.- The  elementary  causes  affecting  the  extraction  of 
coal  are  (1)  weight  of  overljdng  strata  or  depth  of  the  deposit;  (2)  stren§:th 
and  character  of  roof;  (3)  character  of  floor;  (4)  texture  of  bedded  material; 
(6)  inclination  and  thickness  of  bed;  (6)  presence  of  gas  in  the  seam  or  in 
adjoining  strata.  o 
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Roof  Pressure. — Of  these  causes,  the  roof  pressure  is  the  most  iinix>r 
and  a  number  of  the  other  causes  are  directly  affected  by  it.  The  weig 
the  overlying  cover  will  give  a  maximum  roof  pressure,  but  this  may  1 
variously  modified  that  the  determination  of  the  actual  pressure  is  practi< 
impossible,  and  estimates  of  this  pressure  must  be  based  largely  on  prac 
experience;  hence,  rules  for  its  calculation  are  of  comparatively  little  vi 
One  very  essential  point,  however,  must  be  borne  in  mind,  i.  e.,  that 
direction  of  pressure  is  perpendicular  to  the  bedding  plan. 

Strength  and  Character  of  Root— The  strength  of  roof  refers  to  the  pow 
being  self-supporting  over  smaller  or  larger  areas.  A  strong  roof^  i>ei 
larger  openings,  but  increases  the  load  on  the  pillars,  thereby  necessits 
larger  pillars.  A  weak  roof  requires  smaller  openings,  and  permits  sm 
pillars  when  the  floor  is  good.  A  strong  roof  may  yield  and  settle  gr 
ally,  givinff  good  conditions  for  longwall  work,  or  it  may  be  hara 
brittle,  and  difficult  to  manage. 

The  character  of  floor  influences  largely  the  size  of  pillars.  A  soft  bol 
requires  large  pillars  and  narrow  openings,  especially  when  the  roof  is  str 

Texture  of  Coal  and  inclination  and  Thicicness  of  Seam.— Soft,  fHable 
requires  large  pillars,  while  a  hard,  compact  coal  requires  only  small  pil 
The  inclination  and  thickness  of  the  deposit  increase  the  size  of  pi 
required,  and  also  influence  the  haulage,  drainage,  timbering,  metho 
working,  arrangement  of  breasts,  etc. 

The  presence  of  gas  in  the  seam  or  in  the  enclosing  strata  affects  the  syt 
of  working,  as  ample  air  passages  must  be  provided,  and  provision  must 
quently  be  made  for  ventilating  separately  the  different  sections  of  the  m 
Where  the  gas  pressure  is  strong,  and  outbursts  are  of  frequent  occurre 
narrow  openings  are  necessitated  that  render  the  workings  safe  until 
gas  has  escaped.  

SYSTEMS  OF  WORKING  COAL. 

There  are  two  general  systems  of  working  coal  seams:  (1)  room-and-pi 

and  (2)  longwall.  T] 
are,  however,  a  great  n 
ber  of  modifications 
each,  and  it  is  often  ( 
cult  to  exactly  classii 
given  method  under  el 
of  these  two  systems. 
The  room-and-pillar 
tern,  also  known  as  the 
lar-and-chamber  or  6  c 
and-piUar,  and  which  i 
include  the  pillar-and-t 
system,  is  the  oldest  of 
systems,  and  the  one  ^ 
generally  used  in  the  m 
of  the  United  States, 
this  system,  coal  is 
mined  from  a  numbe: 
comparatively  small  pli 
called  rooms,  chambi 
stalls,  bords,  etc.,  which 
driven  either  square  f 
or  at  an  angle  to  the  h 
ageway.  These  open! 
may  be  wide  or  narr 
and  may  be  either  a  n 
way,  incline,  or  chu 
according  to  existing  ( 
ditioijs.  The  pillars  1 
are  left  between  the  oj 
ings  in  the  original  w< 
ings  support  the  roof,  i 
are  usually  subsequei 
removed.  All  form! 
room-and-pillar  workings  become  impracticable  when  the  thickness  of 
•Millars  necessary  to  support  the  roof  pressure  much  exceeds  double 
idih  of  the  breast  openings. 


Fig.  1. 
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The  pilUr-aiid-«taM  system  is  similar  to  the  loom-and-piUar  svstem,  but  in 
the  former  the  stalls  are  opened  off  firom  the  entry  their  t^ilbwidth,  while  in 
the  latter  the  rooms  or  chambers  are  turned  narrow,  and  widened  inside  to 
their  res:ular  width.  Fig.  1  shows  a  typical  room-and-pillar  method  for 
working  an  approximately  horizontal  seam  of  coal  of  moderate  thickness 
(4  to  lo  ft.),  and  with  a  fairly  good  roof  and  bottom.  Main  headings  A  are 
usually  driTen  perpendicular  to  the  strike,  unless  this  direction  is  changed 
by  the  cleat  in  the  ooal,  as  explained  later.  Cross-headings,  or  entries  B,  B, 
are  turned  off  at  regular  intervals,  and  at  an  angle  of  90°  to  these  main 
heading  the  distance  between  anv  two  pairs  of  cross-entries  being  deter- 
mined, in  flat  seams,  by  twice  the  length  to  which  a  room  can  be  driven, 
which  in  turn  is  determined  by  the  character  of  the  roof,  floor,  and  seam. 
The  rooms  are  turned  to  the  right  and  left  of  each  pair  of  butt  headings,  and 
driven  until  they  meet,  or  one^lf  the  distance  between  two  pairs  of  entries. 
After  the  rooms  are  driven  up.  the  pillars  between  the  rooms  are  drawn,  and 
later  the  room  stumps  alon^  these  entries,  and  the  entry  pillars  themselves, 
are  drawn,  unless  it  should:  be  necessary  to  keep  some  of  these  cross-entries 
open  for  purposes  of  ventilation.  A  large  chain  pillar  is  left  to  protect  the 
main  headings. 

When  cross-entries  have  been  extended  a  considerable  distance,  roads  are 
often  driven  between  them  parallel  to  the  main  heading  A.  The  object  of 
these  subroads  is  to  reduce  to  a  minimum  the  air-courses  and  roadways  to  be 
maintained;  or  such  a  subroad  may  be  necessary  on  account  of  a  squeeze 
crossing  any  pair  of  cross-entries.  The  extent  of  the  territory  worked  out  to 
the  right  and  left  of  each  main  entry  is  a  matter  for  local  determination. 

The  room  openings  are  made  suitable  to  previuling  conditions,  and  Fig.  1 
shows  several  of  the  common  methods.  The  width  of  the  room  and  the  form 
of  the  opening  depend  on  the  character  of  the  roof  and  the  extent  to  which 
it  is  necessary  to  leave  a  pillar  to  support  the  cross-heading,  it  being  advan- 
tageous, of  course,  to  open  out  the  room  to  its  ftiU  width  at  the  earliest 
possible  moihent. 

Longwell  Method  of  Mining.— The  longwall  system  contemplates  the  extrac- 
tion of  the  entire  seam  or  bed,  and  the  original  significance  of  the  term 
*•  longwall"  was  a  continuous  line  of  breast.  No  portion  of  the  seam  is 
allowed  to  remain  after  leaving  the  vicinity  of  the  shaft.  The  method 
depends  on  producing  a  uniform  and  gradual  settlement  of  the  roof  a  few 
yards  behind  the  working  face.  Pack  walls  are  built  on  each  side  of  the 
roadways,  and  at  regular  intervals  in  the  ^b  or  waste  area,  and  the  roof 
settles  firmly  on  these  packs,  pressing  them  into  the  bottom,  or  compressing 
them  until  the  roof  subsidence  is  complete.  The  height  of  the  main  road- 
way is  maintained  by  "brushing"  the  roof  or  lifting  the  bottom.  Longwall 
may  be  advancing  or  retreating.  In  lonjgwall  advancing,  mining  begins  at  oi 
near  the  foot  of  the  shaft  and  advances  outwards,  forming  a  gradually 
widening  and  Increasing  length  of  face  to  the  boundary.  The  passages  are 
made  through  the  excavated  portions  of  the  mine,  and  are  maintained  by 
pack  walls  built  either  of  the  reflise  secured  in  mining  or  sometimes  from 
material  brought  in  from  the  surface.  In  longwall  retreating  or  withdraw- 
ing, entries,  gangways,  or  headings  are  first  driven  to  the  boundary  or  to 
other  convenient  distances  inbye,  and  the  pillars  between  these  entries  are 
then  drawn  back  toward  the  shaft:  this  is  also  called  working  home. 

Fig.  2  shows  a  plan  of  combined  longwall  advancing  and  retreating.  In 
the  upper  arrangement,  or  Scotch  longwall,  the  face  is  semicircular  and  the 
roads  are  turned  off  at  angles  of  45°.  This  plan  is  suitable  for  seams  up  to 
3  ft.  thick  with  a  weak  top,  and  which  pitch  less  than  20°,  and  situated  at 
almost  any  depth.  It  is  the  one  from  which  most  of  the  longwall  practice 
-  in  the  central  coal  basins  of  the  United  States  is  taken.  In  the  lower  por- 
tion, which  shows  one  method  of  longwall  retreating,  narrow  parallel 
headings  are  driven  in  pairs  to  the  boundary,  being  from  200  to  300  ft.  apart. 
Such  a  combination  of  longwall  advancing  and  retreating  insures  an 
unvarying  supply  of  coal,  for  while  one  side  continually  leaves  the  shaft,  the 
other  appioaclies  it. 

Longwall  is  specially  adapted  to  flat  seams  or  those  having  a  regular  and 
moderate  pitch,  and  which  are  free  from  faults;  to  hard  rather  than  to  sofl 
coal;  and  to  the  use  of  undercutting  machines.  It  is  also  easy  of  venti- 
lation  and  economical  in  timber,  explosives,  and  track. 

In  all  longwall  work,  the  weight  of  the  roof  is  made  to  act  upon  the  coal 
fiice,  which  is  undercut,  according  to  the  ability  of  the  miner  and  the  con- 
ditions of  the  seam,  ftoro  2i  to  3  ft.  deep.    This  weighing  action  of  the  rool 
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performs  the  work  of  the  powder  and  breaks  the  coal  in  a  few  hours  or 
after  the  sprags  have  been  removed.  The  time  reauired  to  break  the 
will  be  greater  or  less,  according  to  conditions.  The  success  of  the  ex 
system,  as  will  be  readily  seen,  depends  on  a  uniformly  regular  advan< 
the  line  of  the  face  or  breast,  and  a  uniform  system  of  setting  and  dra\ 
timber  at  the  face;  also,  uniformity  in  the  pack  walls  along  the  roads,  an 
the  amount  of  gob  packing.  This  system  does  not  permit  of  long  idle  s] 
induced  by  strikes  or  other  causes.  The  coal  does  not  break  well,  ell 
when  some  of  the  men  are  out  a  portion  of  the  time,  and  their  places  lie 
The  life  of  the  whole  system  consists  in  maintaining  what  miners  o 


traveling  weight  upon  the  coal  face,  which  can  only  be  accomplished  sc 
factorily  by  uniformity  in  every  part  of  the  work. 

Longwall  advancing  is  better  suited  to  thin  seams  than  to  thick  ones 
flat  rather  than  pitching,  and  to  good  roofs  and  hard  floors. 

Longwall  retreating  is  better  adapted  to  thicker  beds;  to  those  liable  to 
fires;  to  seams  of  hard  coal  having  a  considerable  pitch;  to  pockety, 
irregular  seams:  and  to  a  soft  and  treacherous  top.  The  air-course  is  also 
broken  along  the  face,  and  better  haulage  installations  can  be  made. 
chief  disadvantage  is  th^  large  amount  of  dead  work  necessitated  bel 
returns  are  received.  With  this  system  there  is  no  expense  in  keeping 
the  haulage  road  so  far  as  creep  or  falling  roof  is  concerned,  as  the  roads 
^1  in  solid  coal,  nor  is  there  any  trouble  fVom  gob  fires  or  water:  and  li 
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detriment  to  the  working  face  is  caused  by  the  mine  having  to  stand  idle 
for  a  time.  If  the  seam  is  high  enough  for  the  mules  or  horses,  no  rock 
whatever  will  need  to  be  taken  down.  The  coal  seam  will  be  proved  before 
lOjt  of  it  is  extracted. 

The  ventilation  in  the  retreating  plan  is  as  near  perfect  as  it  is  possible  to 
get  it  in  practice.  All  the  airways  are  tight,  a  thing  impossible  to  get  in  the 
advancing  plan;  and  it  is  a  comparatively  easy  matter  to  shut  on  lire  or  to 
allo-w  a  portion  of  the  working  face  to  remain  idle. 

Ix>ngwall  retreating  is  frequently  used  for  working  quite  limited  sections 
of  a  mine  in  which  the  seam  of  coal  is  16  to  20 11.  thick,  and  inclined  not 
more  than  l(P.  A  series  of  8  or  10  pairs  of  headings  are  turned  off  the  butt 
entry  and  driven  a  distance,  dependent  on  local  conditions,  where  the 
Mrorking  fJBwe  is  formed  by  driving  cross-cuts  from  one  to  the  other.  This 
face  is  carried  back  on  the  retreating  plan,  allowing  the  roof  to  cave  in  or 
settle  on  the  gob  as  the  work  approaches  the  butt  entry.  In  this  way,  any 
e^ctra  weight  that  would  crush  and  ruin  the  adjacent  coal  is  avoided.  This 
method  is  also  used  in  lower  seams  in  which  tne  coal  is  soft,  or  the  roof,  or 
hottom,  or  both,  are  of  such  a  nature  as  to  give  trouble  in  working  the  room- 
and-pillar  system.  Sometimes,  instead  of  driving  pairs  of  headings  at 
considerable  distances  apart,  a  number  of  single  headings  are  driven  com- 
paxatively  close  together,  and  connected  by  cross-cuts  from  10  to  20  yd. 
apart.  When  the  limit  of  the  section  is  reached,  the  working  face  is  formed 
and  carried  back,  as  in  the  other  plan.  This  latter  method  is  more  suita- 
ble for  tender  roof,  or  a  coal  in  which  the  face  and  butt  cleats  are  not 
prominent. 

Starting  Longifrall.—There  are  two  methods  of  starting  longwall  workings. 
In  the  first,  the  work  of  extraction  begins  at  the  shaft  itself,  the  coal  being 
taken  out  all  around  and  its  place  filled  with  solid  packs,  leaving  only  space 
for  the  roadways.  In  the  second  method,  a  pillar  of  solid  coal  is  left  to  sup- 
port the  shaft,  cut  only  by  the  roadways.  The  longwall  work  is  then 
started  uniformly  all  around  this  pillar.  Great  care  is  needed  in  building 
the  first  pack  walls  around  the  shaft  pillar,  to  see  that  they  are  solidly  built 
and  well  rammed,  in  order  to  break  the  roof  over  the  coal.  The  system  will 
not  work  rightly,  however,  until  the  breast  has  been  advanced  some  dis- 
tance from  the  pillar,  so  as  to  secure  the  benefit  from  the  weighing  action  of 
the  roof  upon  the  coal  face.  The  mining  will  be  more  difficult  in  the  start, 
and  in  some  exceptional  cases  it  may  even  be  necessary  to  place  some  light 
shots;  which,  however,  should  be  avoided,  if  possible. 

The  panel  system  divides  a  mine  into  districts  or  panels  by  driving  entries 
and  cross-entries  so  as  to  intersect  one  another  at  regular  intervals  of,  usually, 
abor^t  100  yd.  Large  pillars  are  left  surrounding  the  workings  within  each 
panel,  and  any  method  of  development  may  be  used  for  each  panel.    This 

3rstem  presents  the  following  advantages:  (1)  Better  control  of  the  ventila- 
on,  since  the  air  in  any  panel  may  be  temporarily  increased  or  decreased, 
as  required.  An  explosion  occurring  in  one  panel  is  less  liable  to  affect  the 
other  workings.  (2[^Coal  may  be  extracted,  pillars  drawn,  and  the  panels 
closed  and  sealed  off  independently  of  each  other.  (3)  Greater  security  is 
afforded  against  creep  and  squeeze.  (4)  Coal  that  disintegrates  on  standing 
can  be  quickly  worked  out. 

Bearing  In,  or  Undercutting.— In  any  method  of  mining  where  the  coal  is 
undermined,  advantage  should  be  taken  of  the  roof  pressure  to  assist  in 
both  breaking  down  the  coal  and  also  in  bearing  in.  The  fact  is  often 
overlooked  that  the  roof  pressure  upon  the  face  coal  makes  it  brittle  and 
more  susceptible  to  the  pick,  and  the  good  miner  starts  a  shallow  mining  in 
the  under  clay,  or  lower  coal,  and  carries  it  the  entire  width  of  the  face. 
By  the  time  he  returns  to  the  side  of  the  breast  at  which  he  started,  the  roof 
pressure  has  made  the  coal  more  tender  and  susceptible  to  the  pick.  Such  a 
gradual  system  of  mining  throws  the  pressure  on  the  coal  face  gradually, 
and  the  coal  breaks  in  larger  pieces.  The  depth  of  the  undercut  depends 
on  the  thickness  of  the  seam  and  the  other  conditions.  Undercutting  by 
mining  machines  is  rapidly  replacing  hand  work  wherever  these  machines 
can  be  used. 

Buildings,  Pack  Walls,  and  Stowing.^Pack  walls  should  be  built  large  enough 
at  first  and  kept  well  up  to  the  face,  to  prevent  the  weight  coming  upon  the 
timber  and  also  to  permit  the  roof  to  settle  rapidly  when  the  timber  is 
taken  out  of  the  face.  Often  the  roof  will  not  stand  this  second  movement 
without  breaking,  and  possibly  closing  in  the  entire  face.  The  face  should 
therefore  be  kept  in  shape,  and  just  as  soon  as  there  is  room  for  a  prop  or 
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chock,  it  should  be  put  in  immediately,  and  the  pack  walls  likewise  tUkti 
be  extended  after  each  cut  or  web  is  loaded  out. 

As  a  general  thing,  the  pack  walls  in  the  gob  are  not  so  wide  as  the  n 
side  ones,  particularly  when  the  seam  produces  enough  waste  mate 
to  stow  the  '* marches."  "cundies,"  or  "gobs,"  between  these  pack  w^ 
Usually  about  50^  of  the  cubical  contents  of  the  solid  seam  taken  out 
stow  the  spaces  between  the  pack  walls  in  thick  pitching  seams,  where 
entire  gob  must  be  completely  filled  or  nearly  so.  No  waste  material,  ex< 
such  as  will  hasten  spontaneous  combustion,  should  be  taken  out  of 
mine  to  the  surface. 

Timbering  •  Longwail  Face.— The  method  of  timbering  the  working  i 
depends  on  the  nature  of  the  roof,  floor,  coal,  etc.  The  action  of  the  rool 
the  coal  face  is  regulated  almost  entirely  by  timber;  consequently,  when 
coal  is  of  such  a  nature  as  to  require  little  weight  to  make  it  mine  easily, 
roof  must  be  timbered  with  rows  of  chocks  and,  if  necessary,  a  few  pn 
Control  of  Roof  Pressure.— The  working  face  of  a  longwall  working  sno 
advance  up  grade,  but  this  face  cannot  always  be  kept  parallel  with 
strike.  When  the  angle  at  the  line  of  face,  made  with  the  line  of  strike 
less  than  90°,  the  greater  pressure  of  the  covering  rocks  is  thrown  on 
gob,  and,  when  this  angle  is  more  than  90°,  the  greater  pressure  oome£ 
the  coal.  The  angle  made  by  the  working  face  with  the  line  of  pitch  vai 
inversely  as  the  vertical  angle  of  pitch,  or  for  a  high  pitch  tnis  angl 
small  and  for  a  low  pitch  it  is  large.  Where  longwall  is  worked  in  adjac 
sections,  care  must  be  taken  to  prevent  the  advancing  of  one  section  thn 
ing  a  crushing  weight  on  any  of  the  others,  and  thus  producing  a  cmsl 
an  uncontrollable  cave.  Where  the  rocks  are  pitching,  and  a  greater  port 
of  the  cracks  that  cut  them  run  in  lines  parallel  to  the  strike,  neither  Bt< 
nor  timber  can  efficiently  support  the  rooi,  which  fluently  breaks  oflf  cl 
to  the  working  face. 

The  ends  of  all  stone  packs  nearest  the  face  of  the  coal  should  be  in  li 
and  the  ends  of  these  pack  walls  should  form  a  line  parallel  to  the  fac< 
the  coal.  Timbers  set  at  equal  distances  and 
line  along  a  longwall  face  are  much  more  effici 
in  supporting  tne  roof  than  irregularly  set  t 
bers.  Fig.  3  shows  the  proper  way  of  locat 
the  pack  walls  and  the  face  timber. 

Number  of  Entries.— The  entries  in  a  mine  n 
be  driven  single,  double,  triple,  etc. 

The  single-entry  system  is  only  advisable  un< 
certain  conditions  and  for  short  distances,  su 
^'  Fig.  3.  the  ventilation  must  be  maintained  along. 

*  £Eice  of  the  rooms,  and  there  is  but  one  haula 

**  way,  which  may  easily  be  closed  by  a  fall  or  creep.    Rooms  are  turned 

^  one  or  both  sides  of  the  entry. 

%%  The  double-entry  system  is  most  commonly  used.     Two  parallel  enti 

are  driven,  separated  by  an  entry  pillar  whose  thickness  varies  with 
gtf  depth  of  the  seam,  and  connected  at  intervals  of  about  20  yd.  by  cross-c 

wn         or  Dreakthroughs  to  maintain  ventilation. 

^  The  triple-entry  system  is  used  particularly  in  very  gaseous  seams  reqi 

^  ing  separate  return  airways;  or,  at  times,  in  mines  where  the  large  out] 

requires  ample  haulage  roads.  It  is  usually  applied  to  the  main  entries  on 
but  sometimes,  also,  to  the  cross-entries.  In  gaseous  mines,  the  mid 
entry  is  usually  made  the  haulage  road  and  intake  airway,  and  the  outs 
entries  the  return  air-courses  for  either  side  of  the  mine,  respectively. 

A  still  larger  number  of  entries  even  has  been  suggested  for  d< 
workings  where  it  is  difficult  to  keep  open  broad  passages,  but  these  hi 
not  been  generally  adopted  or  tried  experimentally  to  anv  great  exte 
Direction  of  the  Face.— The  typical  room-and-pillar  plan.  Pig.  1,  diows  i 
main  headings  and  the  rooms  driven  parallel  to  the  direction  of  the  dip,  a 
the  cross-headings  parallel  to  the  strike,  but  in  most  coal  seams  there 
vertical  cleavages,  called  cleats,  which  cross  the  coal  in  two  directions  ab< 
at  right  angles  to  each  other.    Face  cleats,  as  they  are  called,  are  the  m< 

1)ronouiiced,  while  the  end  or  butt  cleats  are  the  shorter,  less  pronoun< 
oints.  The  direction  of  the  face  with  respect  to  the  cleats  is  of  pri 
mportaiice  as  greatly  facilitating  or  retarding  the  mining  of  the  coal. 

Fig.  4  shows  the  different  positions  that  the  face  may  occupy  with  resp 

to  the  direction  of  the  cleats.    The  angle  of  the  breast  depenas  on  the  ha 

**«  of  the  coal  and  fireedom  of  the  cleats,  and  each  method  has  its  pecul 
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adaptation  to  the  varying  conditions  of  a  coal  seam.  When  the  face  cleats 
are  Avorking  ftee  and  the  coal  is  very  soft,  it  may  be  necessary  to  drive  "  end 
on."  The  end-on  method  is  best  adapted  to  a  very  heavy  roof  pressure, 
wbile  for  a  light  roof  pressure  the  short-horn  method  assists  in  breaking  the 
coal.  If  the  "  face  "  cleats  are  free  and  the  coal  breaks  readily  along  them, 
and.  it  is  reasonably  hard,  the  long-horn  method  is  adopted,  for  when  the 
coal  is  undercut  it  needs  more  support  than  it  gets  firom  the  cleats,  and  its 
weight  must  be  thrown  somewhat  upon  the  end  cleats.  '•Face  on"  is 
adopted  when  the  face  cleats  are  not  as  tree  or  numerous  as  the  butt  cleats. 
Unless  the  coal  at  the  face  re- 
ceives sufficient  support,  the 
undercutting  or  bearing  in  can- 
not loe  thoroughly  done,  or  else 
tlie  amount  of  spragging  and 
tlie  risk  to  the  miner  are  in- 
creased. When  the  end  cleats 
are  less  pronounced  and  nu- 
merous, and  the  roof  pressure 


grreat,  the  coal  will  probably 
break  better  by  carrying  wide 
breasts  upon  the  ends  of  the 


coal,  and  it  is  then  an  advan-  Fio.  4. 

tage  to  drive  double  rooms  with 

large  pillars  between  them.    In  pitching  seams,  the  pillar  should  have  very 

long  sides  perpendicular  to  the  strike,  if  the  principal  cleats  in  the  coal 

areparallel  to  the  strike,  or  nearly  so. 

The  short-horn  method  is  adapted  to  heavy  roof  pressure  and  wide  room 
pillars,  as  the  face  cleats  are  here  quite  pronounced,  and  the  pillars  between 
the  rooms  thereby  weakened  to  a  large  extent;  hence,  wide  pillars  are  more 
often  employed  when  working  on  the  ends  of  the  coal.  When  the  face 
cleats  are  less  pronounced,  and  the  end  cleats  are  working  fteely,  a  good 
breast  of  coal  is  carried  on  the  face,  and,  unless  other  conditions  require  it, 
a  great  width  of  room  pillars  is  not  needed.  If  this  can  be  done  consistently, 
and  good  lump  coal  secured  at  the  same  time,  the  room  should  cross  the  pitch 
as  little  as  jpossible,  as  a  side  pressure  upon  the  pillars  having  very  long  sides 
running  diagonally  across  the  pitch  is  destructive. 

PILLARS. 

Size  of  Pillars.— It  is  impossible  to  give  exact  rules  or  formulas  for  deter- 
mining the  proper  size  of  pillars.  Each  case  in  practice  requires  special 
consideration,  and  in  laying  out  the  pillars  in  a  virgin  field  it  is  well  to  find 
out  what  the  current  practice  is  in  similar  fields.  In  general,  the  thicker 
the  seam  and  the  greater  its  depth  from  the  surface,  the  greater  should  be 
the  thickness  of  the  pillar.  Some  coal  deteriorates  rapidly  when  subject  to 
weight  and  to  the  disintegrating  efffect  of  the  atmosphere,  and  pillars  of 
such  coal  must  be  larger  than  when  composed  of  a  hard,  compact  coal. 
Permanent  pillars,  or  tnose  that  are  to  remain  for  a  considerable  length  of 
time,  must  be  larger  than  those  that  are  to  be  promptly  removed.  Pillars 
about  the  bottom  of  a  shaft,  or  along  main  haulage  roads,  should  be  left  large 
enough  to  provide  for  increasing  developments,  for  when  landings  are 
enlarged  or  when  haulage  systems  are  introduced,  the  original  pillars  fre- 
quently have  to  be  reduced  in  size  by  taking  a  skip  off  of  them  or  by  taking 
out  chambers  for  engines  and  pumps. 

Shaft  Pillars.— Various  formulas  nave  been  given  to  determine  the  size  of 
shaft  pillars,  and  the  results  given  by  these  several  formulas  are  very  diverse. 

Merlvale.-    S  =  ^~  X  22,  where  S  equals  the  length  of  the  side  of  the 

pillar  in  yards,  and  D  equals  depth  of  shaft  in  fathoms. 

Andre —Up  to  150  yd.  depth,  have  the  pillar  35  yd.  square,  and  for  greater 
depths  increase  5  yd.  on  each  side  for  every  25  yd.  of  increased  depth. 

Dron.— Draw  lines  enclosinff  all  surface  buildings  that  it  is  necessary  to 
erect  about  the  head  of  the  shaft,  and  make  the  shaft  pillar  so  that  solid 
coal  will  be  left  outside  these  lines  all  around  for  a  distance  equal  to  one- 
third  the  depth  of  the  shaft. 

Werdle.— Shaft  pillars  should  not  be  less  than  40  yd.  square  down  to  a 
depth  of  60  fathoms,  and  should  increase  10  yd.  on  a  side  for  every  20 
fathoms  increase  in  depth,  ^ 
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Hughes.— Leave  1  yd.  in  width  of  pillar  for  every  yard  in  depth  of  8h& 
Ptmeljf.— Allow  a  pillar  40  yd.  square  for  any  depth  up  to  100  yd. 

greater  aepths,  increase  the  pillar  5  yd.  for  every  20  yd,  in  depth. 

Calculating  the  size  of  pUlar  from  each  of  these  authorities,  we  find 

following  variations: 


Authority. 


Merivale. 

Andre  

Wardle 

Pamely  ... 

Dron 

Hughes  .. 


For  Shaft  300  Ft.  Dpep, 


22  yd.  square. 
35  yd.  square. 
40  yd.  square. 
40  yd.  square. 
33i  yd.  square.* 
100  yd.  diameter. 


For  Shaft  600  Ft.  De 


31  yd.  square. 
45  yd.  square. 
60  yd.  square. 
65  yd.  square. 
66f  yd.  square.* 
200  yd.  diameter 

•Outside  of  buildings. 

None  of  these  formulas  takes  account  of  the  thickness  of  the  seam, 
the  following  formula,  which  takes  account  of  this  very  important  elem 
was  suggested  by  Mr.  R.  J.  Foster,  in  *'  Mines  and  Minerals": 

Radius  of  pillar  =  Sy/  DXU 
ill  which  D  =  depth  of  shaft;  t  =  thickness  of  seam. 

Pitching  seams  require  smaller  pillars  on  the  low  side  than  on  the  ris 
side  of  the  shaft. 

Room  Pillars.— The  relative  width  of  pillar  and  breast  is  dependent 
the  weight  of  cover,  as  compared  with  the  character  of  the  roof  and  fl< 
and  the  crushing  strength  of  the  coal.  These  relative  widths  are  de 
mined  largely  by  practice.  Speaking  generally,  the  narrower  the  km 
or  chambers,  the  higher  the  cost  in  yardage,  the  greater  the  productioi 
slack  and  nut  coal,  the  greater  the  consumption  of  powder,  track  iron,  t 
etc.,  and  the  greater  the  cost  of  dead  work. 

For  bituminous  coal  of  medium  hardness  and  good  roof  and  floor,  a  i 
often  used  is  to  make  the  thickness  of  room  pillars  equal  to  1^  of 
depth  of  cover  for  each  foot  of  thickness  of  the  seam,  according  to 

expression  Wp  =  zr^X  D,  in  which  Wp  =  pillar  width;  t  =  thickness 

seam;  D  =  depth  of  cover,  and  then  make  the  width  of  breast  or  open 
equal  to  the  depth  of  cover  divided  by  the  width  of  pillar  thus  fou 

according  to  the  expression  Wo  =  tjt-,  where  Wo  ==  width  of  room. 

Frail  coal  and  coal  that  disintegrates  readily  when  exposed  to  the  air,  i 
a  soft  bottom,  may  increase  the  width  of  pillar  required  as  much  as  50; 
the  amount  found  above;  also,  a  hard  roof  may  increase  the  same  as  mi 
as  25^;  while  on  the  other  hand,  a  frail  roof  or  a  hard  coal  or  floor  i 
reduce  the  width  of  pillar  required  25^.  The  hardness  of  the  roof  affi 
both  the  width  of  pillar  and  width  of  opening  alike,  which  is  not  the  c 
with  any  of  the  other  factors. 

Dunn's  Tables  op  Size  op  Room  Pillars  for  Various  Depths. 

The  following  table  is  for  first  working,  with  the  design  of  afterwa 
taking  out  the  pillars,  the  width  of  the  principal  workings  being  5  yd.,  i 
cross-nolings  2  yd. 


Depth. 
Feet. 


120 
240 
360 
480 
600 
720 
840 


Size  of 
Pillars. 

Proportion 
in 

Depth. 
Feet. 

Size  of 
Pillars. 

Proport] 
in 

Yards. 
20  X    5 

Pillars. 

Yards. 
26  X  14 

Pillar! 

.41 

1.080 

.69 

20  X    6 

.50 

1,200 

26  X  16 

.71 

22  X    7 

.52 

1,320 

28  X  18 

.73 

22  X    8 

.57 

1,440 

28  X-  20 

.75 

22  V     9 

.59 

1,560 

30  X  21 

.77 

22  X  12 

.61 

1,680 

:«  X  22i 

.78 

26  X  15 

.63 

1,800 

30  X  24 

.79 

28  X  16 

.66 

db/Gooote 
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Sxtremely  large  pillars  must  often  be  left  as  a  precautionary  measure^  to 
protect  i>ennanent  haiilageways  and  sarface  buildings,  or  to  avoid  any  pos- 
sibility of  a  break  in  the  roof  that  would  cause  an  inflow  of  water. 
TABL.E  Showing  Distance  From  Center  to  Center  of   Breasts  or 
Chambers  Measured  on  the  Entry  or  Gangway,  for 
Different  Angles. 


Angle  Be- 
tween Cham- 
ber and  En- 
try. Degrees. 

Distance  Measured 

on  the  Entry  in  Feet,  When  Width  of 

Breast  +  Width  of  Chamber  Is: 

20 

25 

30 
30.0 

35 
35.0 

40 

45 

60 
50.0 

55 

60 
60.0 

65 
66.0 

70 
70.0 

75 

90 

20.0 

•25.0 

40.0 

46.0 

65.0 

76.0 

85 

20.0 

25.1 

30.1 

35.1 

40.2 

45.2 

50.1 

66.2 

60.2 

65.3 

70.3 

75.8 

80 

20.3 

25.4 

80.5 

35.5 

40.6 

45.7 

60.6 

65.8 

60.9 

66.0 

71.1 

76.2 

75 

20.7 

25.9 

31.1 

86.2 

41.4 

46.6 

51.2 

66.9 

62.1 

67.3 

72.5 

77.7 

70 

21.2 

26.6 

31.9 

37.2 

42.6 

47.9 

63.1 

58.6 

63.9 

69.2 

74.5 

79.8 

65 

22.0 

27.6 

33.1 

38.6 

44.1 

49.6 

55.1 

60.7 

66.2 

71.7 

77.2 

82.8 

60 

23.0 

28.9 

34.6 

40.4 

46.2 

52.0 

57.6 

63.5 

69.3 

76.1 

80.8 

86.6 

55 

2AA 

30.5 

36.6 

42.7 

48.8 

54.9 

60.9 

67.1 

73.3 

79.4 

85.5 

91.6 

50 

25.8 

'32.6 

39.2 

45.7 

52.2 

58.7 

65.1 

71.8 

78.3 

84.9 

91.4 

97.9 

45 

28.2 

35.4 

42.4 

49.5 

56.6 

63.6 

•70.6 

77.8 

84.9 

91.9 

99.0 

10C.1 

40 

81.1 

88.9 

46.7 

64.5 

62.2 

70.0 

77.6 

85.6 

98.4 

101.2 

109.0 

116.7 

35 

84.9 

43.6 

62.3 

61.0 

69.7 

78.5 

87.0 

95.9 

104.6 

113.4 

122.1 

130.8 

30 

40.0 

50.0 

60.0 

70.0 

80.0 

90.0 

100.0 

110.0 

120.0 

130.0 

140.0 

150.0 

25 

47.3 

59.2 

71.0 

82.8 

94.6 

106.5 

118.1 

127.2 

142.0 

153.8 

166.7 

177.5 

20 

58.5 

73.1 

87.7 

102.4 

117.0 

131.6 

145.9 

160.8 

175.5 

190.1 

204.7 

219.3 

15 

77.4 

96.6 

U5.9 

135.3 

154.5 

173.9 

192.8 

212.5 

231.9 

251.2 

270.5 

289.8 

10 

116.2 

144.0 

172.8 

201.6 

230.4 

259.2 

287.3 

316.7 

845.6 

874.4 

403.1 

432.0 

5 

229.5 

286.9 

344.2 

401.6 

459.0 

516.3 

672.5 

631.1 

688.5 

746.8 

803.2 

860.5 

In  the  following  table,  the  weight  thrown  upon  pillars  at  different  depths 
by  the  removal  of  different  proportions  of  coal  is  given: 

Weight  on  Pillars  in  Pounds  per  Square  Inch. 


tit 

Percentage  of  Coal  Left  in  Pillars. 

ll^ 

90?6 

80^ 

7056 

605f 

m 

40J6 

^ 

20J< 

1056 

100 

111 

125 

142 

166 

200 

250 

333 

500 

1,000 

500 

555 

625 

710 

830 

1,000 

1,250 

1,665 

2,500 

5,000 

1,000 

1,111 

1,250 

1,428 

1,666 

2,000 

2,500 

3,333 

5,000 

10,000 

1,500 

1,666 

1,875 

2,138 

2,496 

3,000 

3,750 

4,998 

7,500 

15,000 

2,000 

2,222 

2,500 

2,956 

3,333 

4,000 

5,000 

6,666 

3,000 

3,333 

3,750 

4,384 

4,999 

6,000 

7,500 

4,000 

4,444 

5,000 

5,912 

6,666 

8,000 

5,000 

6,555 

6,260 

7,340 

10,000 

11,110 

12,500 

Chain  and  barrier  pillars  vary  in  size  even  more  than  shaft  pillars,  and  their 
widths  are  almost  entirely  determined  by  local  considerations.  In  some 
States,  the  minimum  width  of  barrier  pillars  is  regulated  by  law. 

Barrier  Pillars.— For  finding  the  width  of  barrier  piUars  in  anthracite 
seams,  the  following  formula,  adopted  conjointly  by  the  chief  mining  engi- 
neers of  the  Lehigh  &.  Wilkes-Barre  Coal  Co.,  Susquehanna  Coal  Co.,  D.,  L.  & 
W.  R.  R.  Co.,  Delaware  &  Hudson  Canal  Co.,  and  the  State  mine  inspectors 
of  Eastern  Pennsylvania,  is  recommended: 

Formula  for  width  of  barrier  pillars:  (Thickness  of  workings  X  1^  of  depth 
below  drainage  level)  -I-  (thickness  of  workings  X  5). 

Thus,  for  a  seam  6  ft.  thick,  400  ft.  below  drainage  ley^l,  the  barrier  pillar 


should  be  (6  X  4)  +  (6  X  5)  =  54  ft. 
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Comaressivt  Strength  of  Anthracite.— Attention  has  recently  been  called  by 
ilr.  William  Griffith,  of  Scranton,  Pa.,  to  the  advisability  of  testing  the 
(treng^h  of  the  different  coals  and  of  using  this  data  as  a  basis  for  the  proper 
proportioning  of  the  pillars  and  for  determining  the  probability  of  a  squeeze, 
[n  some  crude  experiments,  which  Mr.  Griffith  carried  on,  he  found  that 
riifferent  coals  from  even  the  same  locality  varied  greatly  in  their  strengths. 
If  attention  were  given  to  this  matter,  probably  the  sizes  of  pillars  could 
be  calculated  on  a  much  more  certain  basis  than  is  possible  at  present, 
and  the  liability  to  squeeze  lessened. 

The  table  on  page  290  gives  the  results  of  some  preliminary  and  crude 
tests  made  by  Mr.  Griffith,  which  supply  the  only  data  available  as  to  the 
crushing  strength  of  anthracite  coal. 

Drswins  pillars  is  about  the  most  dangerous  work  the  miner  has  to  perform, 
but  the  fact  of  its  being  so  is  no  doubt  the  reason  why,  comparatively 
speaking,  so  few  serious  accidents  happen  in  it.  It  is  not  so  mucn  that  the 
best,  most  skilled  workmen  are  chosen  to  perform  pillar  drawing,  as  that 
the  men,  being  alive  to  the  dangers,  are  more  on  the  alert  and  carefUl  to 
protect  themselves. 

Sometimes,  if  not  very  often,  in  chamber  or  room-and-pillar  working  it  is 
the  custom  to  work  out  the  rooms  or  chambers  and  leave  pillars  all  the  way 
from  the  shaft  to  the  boundary  line  over  large  areas;  in  other  words,  the 
portion  of  the  roof  left  standing  on  pillars  is  very  extensive.  Mines  so 
worked  have  sometimes  been  spoken  of  as  mines  on  stilts.  To  this  mode  of 
proceeding  there  are  several  senous  objections.  By  leaving  the  pillars  until 
the  boundary  has  been  reached,  a  large  number  of  airways  and  roadways 
have  to  be  kept  open  and  in  repair,  and  this  number  is  constantly  increasing 
until  the  limits  of  the  workings  have  been  reached.  This  circumstance 
renders  the  ventilation  more  difficult,  and  thereby  increases  risks  of 
accident.  Moreover,  the  length  of  time  during  which  the  old  rooms  and 
pillars  are  left  open  and  standing  increases  the  danger  of  squeeze  and  creep 


Pio.  5.  Fig.  6. 


setting  in,  by  which  a  large  area  may  in  a  short  time  be  overrun.  Also,  by 
this  method,  the  pillars  first  formed  are  last  removed,  and  hence  it  happens 
that  a  large  number  of  them  crack  and  give  way  under  the  combined  action 
of  atmospheric  agencies  and  great  pressure.  Even  if  they  resist  these  actions 
well,  the  quality  of  the  coal  greatly  deteriorates  by  the  long  exposure. 

For  the  above  reasons,  it  is  the  oest  practice  to  carry  on  the  two  workings 
(working  the  rooms  and  drawing  the  ribs  and  pillars)  simultaneously.  By 
80  doing,  the  length,  mean  duration  of  the  roaaways,  etc.  are  reduced,  and 
the  pilliur  coal  obtained  in  much  better  condition;  and,  in  order  to  concen- 
trate the  workings  as  much  as  possible,  the  two  operations  should  go  on  as 
closely  together  as  practicable.  With  fairly  thick  and  very  soft  coals,  the 
rapid  working  up  of  the  rooms  and  equally  quick  drawing  of  the  ribs,  as 
soon  as  the  rooms  are  driven  their  full  distance,  is  essential  to  economical 
working;  for  delay  in  extracting  ribs  and  pillars  in  such  circumstances 
remits  in  their  getting  crushed  and  the  coal  lost  or  largely  ground  to  slack, 
waste  of  props  and  material,  disordered  ventilation,  and  shortened  life  of 
the  mine. 

Methods  of  drawing  pillars  vary  according  to  the  Inclinations  of  the 
seams,  the  nature  of  the  roof  and  floor,  and  the  character  of  the  coal.  Figs. 
5  and  6  show  the  common  methods.  In  Fig.  5,  A,  B,  and  C,  the  drawing 
begins  by  cross-cuttine  the  fast  ends  of  the  pillars  to  obtain  a  retreating 
face.    A  shows  a  metnod  for  soft  coal  and  narrowing  pillars,  B  for  wide 
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pillars^    the    end    \yeing 
taken  in  two  lifts,  while 
G  is  for  harder  coal  and 
shows  it  taken  in  three 
lifts.    D  and  E  show  the 
pillars  cut  into  stocks  to 
be  drawn  by  side  or  end 
lifts,    according    to    the 
character  of  the  coal,  the 
inclination  of  the  seam, 
thickness  of  the    cover, 
and  the  strengrth  or  weak- 
ness of  the  roof  and  floor. 
Fig.  6  shows  some  of  the 
methods  used  in  robbing 
the  pillars  in  steep  pitch- 
ing, thick  beds  of  anthra- 
cite.   To  get  the  coal  out 
of  the  pillar  at  the  left 
of  A,  a  skip  is  taken  off 
the  side,  as  shown.    Suc- 
cessive   skips    are   thus 
taken  off  until  the  whole 
is   removed,  the    miner 
keeping  the   m  a  n  w  a  y 
open  to  the  heading  be- 
low as  a  means  of  retreat. 
The    pillar    between   A 
and  B  is  very  similarly 
.worked.   To  remove  that 
between  B  and  C,  a  nar- 
row chute  or  heading  is 
driven   up  the  middle, 
and  cross-cuts  put  to  the 
right  and  left  a  few  yards 
from  the  upper    end. 
Shots  are  placed  in  the 
four  blocks  of  coal  thus 
formed,  as  shown,   and 
they  are  tired  simultane- 
ously  by  battery.    This 
operation  is  rei>eated  in 
each  descending  portion 
unless  the  pillar  begins 
to  run.    A  pillar    fW)m 
which  the  coal  has 
started  to  run  is  shown 
to  the  right  of  C. 

To  secure  the  highest 
percentage  of  pillar  coal, 
a  method  should  be 
adopted  that  will  pre- 
vent squeezing  or  crush- 
ing, if  possible.  All  the 
pillars  m  a  panel  may  be 
taken  out  at  the  same 
time  by  end  lifts  in  such 
a  way  as  to  keep  the  face 
of  all  the  lifts  in  line  and 
perpendicular  to  the 
sides  of  the  pillars,  or 
the  pillars  are  drawn  in 
lifts  of  three  or  more 
pillars  each,  the  centers 
of  the  face  of  the  lifts 
lying  in  a  straight  line 
that  makes  an  angle  of 
about  ¥P  with  the  sides 
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of  tbe  pillars.  (See  also  "  Flushing  of  Culm,"  which  is  described  fUlly  on 
page  314.) 

Gob  fires  are  due  to  the  spontaneous  ignition  of  coal,  and  are  most  likely 
to  occur  in  pack  walls  and  gobs  where  there  is  an  insufficiency  of  air.  Ample 
ventilation  Is  the  best  preventive. 

Spontaneous  Combustion.— According  to  Prof.  Able,  Dr.  Percy,  and  Prof. 
I^eAves,  the  causes  of  the  spontaneous  igniHon  of  coal  are:  First,  and  chiefly, 
the  condensation  and  absorption  of  oxygen  fh)m  the  air  by  the  coal,  which 
of  itself  causes  heating,  and  this  promotes  the  chemical  combination  of  the 
volatile  hvdrocarbons  in  the  coai  and  some  of  the  carbon  itself  with  the 
condensed  oxygen.  This  process  may  be  described  as  self-stimulating,  so 
tliat,  with  conditions  favorable,  sufficient  heat  may  be  generated  to  cause 
the  ignition  of  portions  of  the  coal.  The  favorable  conditions  are:  A  mod- 
erately high  external  temperature;  a  broken  condition  of  the  coal,  affording 
the  ftesh  surfaces  for  absorbing  oxygen;  a  supply  of  air  sufficient  for  the 

Eurpose,  but  not  in  the  nature  of  a  strong  current  adequate  to  remove  the 
eat;  a  considerable  percentage  of  volatile -combustible  matter  or  an 
extremely  divided  condition.  Second,  moisture  acting  on  sulphur  in  the 
form  of  iron  pyrites.  The  heating  effect  of  this  second  cause  is  very  small, 
and  it  acts  rather  by  breaking  the  coal  and  presenting  Aresh  surfaces  for  the 
absorption  of  oxygen. 

Coal  Storage.— Prof.  Lewes  gives  the  following  recommendations  for  the 
storage  of  coal:  "The  coal  store  should  be  well  roofed  in,  and  have  an  iron 
floor  Dedded  in  cement;  all  supports  passing  through  and  in  contact  with 
the  coal  should  be  of  iron  or  brick;  ir  hollow  iron  supports  are  used,  they 
should  be  cast  solid  with  cement.  The  coal  must  never  be  loaded  or  stored 
during  wet  weather,  and  the  depth  of  coal  in  the  store  should  not  exceed 
8  ft.,  and  should  only  be  6  ft.  where  possible.  Under  no  condition  must  a 
steam  or  exhaust  pipe  or  flue  be  allowed  in  or  near  any  wall  of  the  store, 
nor  must  the  store- be  within  20  ft.  of  any  boiler,  fUrnace,  or  bench  of  retorts. 
No  coal  should  be  stored  or  shipped  to  distant  ports  until  at  least  a  month 
has  elapsed  since  it  was  brought  to  the  surface.  Every  care  should  be  taken 
during  loading  or  storing  to  prevent  breaking  or  crushing  of  the  coal,  and 
on  no  account  must  a  large  accumulation  of  small  coal  be  allowed.  These 
precautions,  if  properly  carried  out,  would  amply  suffice  to  entirely  do 
away  with  spontaneous  ignition  in  stored  coal  on  land." 

When  the  coal  pile  has  ignited,  the  best  way  to  extinguish  the  Are  Is  to 
remove  the  coal,  spread  it  out,  and  then  use  water  on  the  burned  part.  The 
incandescent  portion  is  invariably  in  the  interior,  and  when  the  fire  has 
gained  any  headway  usually  forms  a  crust  that  effectually  prevents  the 
water  fh)m  acting  efficiently. 

MODIFICATIONS  OP   ROOM-AND-PILLAR    METHODS. 

Some  modifications  of  the  room-and-pillar  plan  shown  in  Fig.  1  can 
usually  be  applied  to  seams  whose  dip  does  not  exceed  3°.  When  the  pitch 
is  greater,  rooms  are  often  turned  off  toward  the  rise  only,  and  the  cross- 
entries  driven  correspondingly  closer  together.  When  the  pitch  is  ttom 
5°  to  10°,  the  cars  may  still  be  taken  to  the  face  if  the  rooms  are  driven 
across  the  pitch,  thus  making  an  oblique  angle  with  an  entry  or  gangway, 
tlie  rooms  being  known  as  room  breoMs. 

Buggy  Breasts.— For  inclinations  between  10°  and  18°,  that  is,  after  mule 
haulage  becomes  impossible  and  until  the  coal  will  slide  in  chutes,  buggies 
are  often  used.  Fig.  8  shows  a  buggy  breast  in  plan  and  section.  Coal  is 
loaded  into  a  small  car  or  buggy  c,  wnich  runs  to  the  lower  end  of  the  breast 
and  there  delivers  the  coal  upon  a  platform  I,  firom  which  it  is  loaded  into 
the  mine  car.  The  reftise  from  the  seam  is  used  in  building:  up  the  track, 
and  if  there  is  not  sufficient  refuse  for  this,  a  timber  trestle  is  used. 

Another  form  of  buggy  breast  is  shown  in  Fig.  7.  Here  the  coal  is 
dumped  directly  into  the  mine  car  from  the  buggy.    If  the  breast  pitches 


less  than  6°,  the  buggy  can  be  pushed  to  the  face  by  hand,  but  in  rooms  of 
a  greater  pitch,  a  windlass  is  permanently  fastened  to  timbers  at  the  bottom 
orthe  breast,  while  the  pulleys  at  the  face  are  temporarily  attached  to  the 
props  by  chains,  so  that  they  can  be  advanced  as  the  face  advances.  The 
rope  used  is  from  i  in.  to  |  in.  in  diameter,  and  any  form  of  ordinary 
horizontal  windlass  can  be  used.  With  the  windlass  properly  geared,  one 
man  can  easily  haul  a  buggy  to  the  face  of  a  breast  in  a  few  minutes  time. 
The  buggy  runs  upon  20-lb.  T  rails  spiked  with  2k"  X  I"  spikes  upon  2"  X  4" 
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hemlock  studding  sawed  into  lengths  of  14  ft.  This  system  has 
thoroughly  tested  by  the  Delaware  <&  Hudson  Canal  Co.,  Scranton, 
and  has  proved  a  very  successful  and  economical  one. 

Chute  Breasts.— Seams  pitching  more  than  15°  are  usually  workc 
chutes,  or  self-acting  inclines.  When  the  pitch  is  between  15°  and  30°, 
iron  is  laid  to  fUrmsh  a  good  sliding  surface  for  the  coal.  On  incline 
of  less  than  18°  to  20°,  it  is  usually  necessary  to  push  the  coal  dowi 
chute.  Sheet  iron  is  not  required  on  pitches  above  30°.  It  must  be  re: 
bered  that  these  pitches  are  only  fair  averages,  as  much  depends  oi 
character  of  the  coal.  Anthracite  slides  more  easily  than  bituminous, 
secure  the  best  returns  f^om  a  coal  seam,  the  slope  or  shaft  should  be  d 
to  the  basin,  and  the  lowest  gangways  or  levels  first  driven  to  the  pro 
limits,  and  the  coal  then  worKed  retreating  toward  the  slope  or  i 
Practice  is,  however,  usually  contrary  to  this,  and  the  upper  levels  or  | 
ways  are  turned  off  first,  and  working  places  opened  out  as  rapidly  a 
gangway  is  driven.    Fig.  9  shows  a  metnod  of  grouping  rooms  that  nu 


Fig.  7. 

used  where  the  pitch  is  f^om  8°  to  20°,  the  straight  heading  being  drivei 
the  strike  and  the  other  headings  at  such  angles  as  will  give  a  good  gi 
for  haulage  purposes. 

The  pillar-ana-stall  system  is  a  modification  of  the  room-and-pillai 
which  it  is  similar  in  all  respects  excepting  in  the  relative  size  of  the  pll 
and  breasts.  The  stalls  are  usually  opened  narrow  and  widened  ins 
according  to  conditions  of  roof,  floor,  coal,  depth,  etc.,  being  f^om  4  to  6 
?  ^"5  single-stall  method,  with  the  pillars  about  the  same  width.  Fig 
^n  ^'  s'^ows  single  and  double  stalls.  This  system  is  adapted  to  weak 
and  floor,  or  strong  roof  and  soft  bottom,  to  a  fragile  coal,  or  when 
ample  support  is  required,  and  is  particularly  useful  in  deep  seams  a 
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great  Toof  pressure.  Double  stalls  are  often  driven  from  12  to  15  yd.  wide, 
with  an  intervening  pillar  of  sometimes  30  yd. 

Tlie  following  are  a  few  of  the  applications  of  the  pillar-and-stall  method 
of  working  as  they  are  carried  out  in  some  of  the  leading  coal  fields  of 
America: 

Connellsviila  Region  (H.  L.  Auchmuty).—Fig.  11  shows  the  common  method 
used  in  the  Connellsville,  Pa.,  region.  The  average  dip  is  about  5^.  The 
face  and  butt  headings  are  driven,  respectively,  at  right  angles  to  each 
other  on  the  face  and  the  butt  of  the  coal.     The  face  headings  leave 


Fig.  8. 


the  main  butts  about  1,000  ft.  apart,  while  ftom  these  face  headings,  and 
400  ft.  apart,  secondary  butts  are  driven,  and  again  ftom  these  butts  on 

the  face  of  the  coal  the 
rooms  or  wide  work- 
ings are  excavated  to  a 
length  of  300  ft.,  this 
having  proved  the  most 
convenient  length  for 
economical  working. 
Room  pillars  have  a 
thickness  of  30  to  40 
ft.,  while  the  rooms  are 
12  ft.  in  width  and  are 
spaced  42  to  52  ft. 
between  centers,  de- 
pending on  depth  of 
strata  over  the  coal. 
The  headings  are  8  ft. 
wide,  and  in  all  main 
butts  and  faces  the  dis- 
_  tance  between  centers 
Fig.  9.  of  parallel  headings  is 

60  ft.,  leaving  a  solid 
rib  of  52  ft.  A  solid  rib  of  60  ft.  is  also  left  on  the  side  of  each  main 
heading.     The   average   thickness  of  cover   at   the   Leith   mine,    which 
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is  here  described  and  which  may  be  considered  as  a  type  of  the  rej 
is  250  ft.,  the  overlying   measures  being  alternated  layers  of  soft  s 

and  coal  for  4  ft.  The  botto 
an  18"  layer  of  hard  fire 
and  slate.  These  floor  and 
materials  are  soft,  and  are  « 
disintegrated  by  air  and  wi 
At  some  mines,  cover  will  n 
as  much  as  700  ft.,  and  the  d 
5^  (as  at  Leith)  is  much  hea 
at  some  points  on  eastern 
crop,  and  will  run  as  high  as 
flattening  off  as  the  synclinal 
of  the  basin  is  reached,  until 
almost  level.  In  some  locall 
the  material  below  coal  is  1 
limestone,  requiring  blastin 
remove  it,  and  at  other  pi 
the  roof  slates  are  much  e 
solid  than  at  Leith,  and  not  r 
ily  disintegrated.  The  met 
of  drawing  ribs  is  one  of  the  beauties  of  the  system,  since  it  is  harder  t 
successfully  in  a  soft  coal  like  the  Connellsville  coal  than  in  hard  coal. 


Fig.  10. 
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coal  iiself  is  firm.    When  necessary  to  protect  the  top  or  bottom,  4  to  6  in.  of 
coal  are  left  covering  the  soft  material. 

Tbe  method  as  given  above  is  often  applied  to  a  whole  series  of  butts 
(4  or  5}  at  once  instead  of  to  butt  by  butt,  as  shown  in  Fig.  11.  In  this  case, 
work  is  started  at  the  upper  end  of  the  uppermost  butt  and  progresses,  as 
slioi^n  in  Fig.  11;  but,  after  cutting  across  the  butt  heading  ftom  which  the 
rooms  were  driven,  the  butt  heading  itself  and  the  upper  rooms  ftom  the 
second  butt,  or  that  just  before,  are  likewise  drawn  oack  by  continuous 
slices  being  removed  from  the  rooms  of  the  upper  butt,  and  on  across  the 
next  lower  butt,  etc.,  all  on  an  angle  to  the  butts,  and  so  continued  as  the 
operations  progress,  until  another  butt  is  reached,  etc.,  thus  gradually 
making  a  longer  and  longer  line  of  fhicture,  which  is  only  limited  by  the 
number  of  butts  it  is  desired  to  include  at  one  time  in  the  section  thus 
mined.  This  works  very  nicely  and  makes  long  even  lines  of  firacture,  the 
steps  of  the  face  of  the  workings  (in  the  rib  drawing)  being  about  90  ft. 
ahead  of  one  another. 

Pittsburg  Rsflsn  {H.  L.  Auchmuty).— The  coal  is  worked  in  much  the  same 
iivay  as  in  the  Connellsville  region,  except  that  a  different  system  of  drawing 
ribs  is  used.  The  coal  is  worked  on  the  room-and-pillar  system,  with  double 
entries,  with  cut4hroughs  between  for  air,  and  on  Utjce  and  butt,  entries  are 
about  9  ft.  wide,  and  the  rooms  21  ft.  wide  and  about  250  ft.  long;  narrow  (or 
neck)  part  of  room,  21  ft.  long  by  9  ft.  wide;  room  pillars,  15  to  20  ft.  wide, 
depending  on  depth  of  strata  over  the  coal,  which  is  ftom  a  few  feet  to 
several  hundred  feet.  The  mining  is  done  largely  by  machines  of  various 
types.  CJoal  is  hard,  of  course,  and,  in  many  places,  the  roof  immediately 
over  the  coal  is  also  quite  hard.  There  are  about  4  ft.  of  alternate  layers  of 
hard  slate  and  coal  above  the  coal  seam.  Rooms  are  mined  ftom  lower  end 
of  butt  as  fast  as  butt  is  driven,  the  ribs  being  drawn  as  mining  progresses. 
As  the  coal  is  harder  than  in  the  Connellsville  region,  thickness  of  coal 
pillar  between  parallel  entries  is  somewhat  less. 

CIsarflsId  Region  {O.  F.  Duck).— The  butt  and  face  are  not  strongly  marked 
in  the  B  or  Miller  seam,  the  one  chiefly  worked  in  this  re^on.  Where 
possible,  these  cleavages  are  followed  in  laying  out  the  workings,  but  the 
rule  is  to  drive  to  the  greatest  rise  or  dip  and  run  headings  at  right  angles  to 
the  right  and  left,  regardless  of  anything  else.  The  main  dip  or  rise  heading 
is  usually  driven  straight,  and  is  raised  out  of  swamps  or  cut  down  through 
rolls— very  common  here— unless  they  are  too  pronounced,  when  the  head- 
ing is  curved  around  them.  The  same  is  true  of  room  headings,  except  that 
they  are  more  usually  crooked,  not  being  graded  except  over  very  minor 
disturbances. 

As  the  B  seam  rarely  runs  over  4  ft.  in  thickness,  and  is  worked  as  low  as 
2  ft.  8  in.  in  the  haulage  headings,  the  roof  is  taken  down  to  give  5  ft.  to 
5  ft.  2  in.  above  the  rail,  or  5  ft.  8  in.  to  5  ft.  10  in.  in  the  clear.  Where  the 
resulting  rock  is  taken  outside,  the  headings  are  driven  10  ft.  wide  with 

24  ft.  of  pillar,  roof  taken  down  in  haulaee  heading  but  not  in  air-course. 
Where  the  rock  is  gobbed  underground,  tne  haulage  heading  is  18  to  24  ft. 
wide,  air-course  10  it.,  pillar  24  ft.,  and  roof  taken  down  in  haulage  heading 
only.  The  thinner  the  coal,  the  wider  the  heading.  It  is  more  economical 
to  haul  the  rock  to  daylight.  The  bottom  generally  consists  of  3  ft.  to  5  ft.  of 
hard  fireclay,  frequently  carrying  sulphur  balls. 

In  numerous  places,  the  sand  rock  is  immediately  over  the  coal,  but  in 
most  cases  there  is  from  3  to  5  ft.  of  slate  before  the  sand  rock  is  reached: 
Room  headings  are  driven  280  ft.  apart,  haul  rock  to  daylight,  heading  10  ft, 
wide  with  24  ft.  pillar  to  10  ft.  air-course,  m  which  roof  is  left  up.    A  15  ft.  to 

25  ft.  chain  pillar  is  left  between  air-course  and  faces  of  rooms  ftom  the  lower 
heading,  every  fourth  to  eighth  of  which  is  driven  through  to  the  air-course 
to  shorten  the  travel  of  the  air.  The  rooms  are  therefore  180  to  200  ft. 
long,  and  the  men  push  the  cars  to  the  face,  an  imjwrtant  economical  item 
in  this  thin  coal. 

Rooms  are  21  ft.  wide  with  a  15  ft.  pillar,  and  a  16  ft.  chain  pillar  is  left 
between  the  first  room  on  any  room  heading  and  the  main  heading,  and 
roof  is  not  taken  down  in  rooms.  Main-heading  track  is  usuallv  30-lb.  iron, 
room  heading,  12  lb.,  and  2"  X  i"  strap  iron  set  on  edge  is  used  in  the  rooms 
in  low  coal.  Mine  cars  hold  ftom  600  to  800  lb.  in  low  seams,  and  1,500  to 
2,000  lb.  in  the  so-called  thick  seams,  i.  e.,  3  ft.  8  in.  to  4  ft.  thick. 

Rsynoldsville  Region.— The  measures  are  very  regular,  and  the  method 
employed  the  typical  one  shown  in  Fig.  1.  The  average  thickness  of  th*> 
principal  seam  is  6i  ft.  and  the  pitch  is  3°  to  4°.    The  coal  is  hard  and  fij 
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and  contains  no  gas;  the  cover  is  light,  and  on  top  of  the  coal  there 
3  or  4  ft.  of  bony  coal;  the  bottom  is  fireclay.  Drift  openings  and  the  dou 
entry  system  are  used.  Both  main  and  cross-entries  are  10  ft.  wide,  wi 
24-it.  pillar  between.  The  cross-entries  are  6Q0  ft.  apart,  and  a  24  ft.  cl 
pillar  is  left  alone:  the  main  headings.  The  rooms  are  about  24  ft.  v 
and  open  inbye,  tne  necks  being  9  ft.  wide  and  18  ft.  long.  The  pillan 
fh>m  18  to  30  ft.  thick. 

West  Virsinis  {James  W.  PauZ).— The  general  plan  of  working  the  P 
burg  coal  in  the  northern  part  of  West  Virginia  is  as  follows.  The  ( 
measures  vary  from  7  to  8  ft.  in  thickness,  and  have  a  covering  varj 
from  50  to  500  it.  The  coal  does  net  dip  at  any  place  over  5^.  In  most  places 
coal  is  practically  level,  or  has  Just  sufficient  dip  to  afford  drainage.  The  m 
methoa  of  exploitation  is  to  advance  two  parallel  headings,  30  ft.  apart,  on 
face  of  the  coal.  At  intervals  of  500  to  600  ft.,  cross-headings  are  turned  to  ri 
and  left,  and  from  these  headings  rooms  are  turned  off.  These  cross-headi 
are  driven  in  pairs  about  20  or  30  ft.  apart.    Between  the  main  headings  ( 


Fig.  12. 


the  first  room  is  left  a  block  of  coal  about  100  ft.,  and  on  the  cross-headi: 
there  is  often  left  a  barrier  pillar  of  100  ft.  after  every  tenth  room. 

The  headings  are  driven  from  8  to  12  ft.  wide,  and  the  rooms  are  mi 
24  ft.  wide  and  250  to  300  ft.  long.  A  pillar  is  left  between  the  roc 
about  15  to  20  ft.  wide.  These  pillars  are  withdrawn  as  soon  as  the  pa 
of  rooms  has  been  finished.  The  rooms  are  driven  in  from  the  entry  ab 
10  ft.  wide  for  a  distance  of  20  ft.,  and  then  the  room  is  increased  in  width 
one  side.  The  track  usually  follows  near  the  rib  of  the  room.  Cross-c 
on  the  main  and  cross-headings  are  made  every  75  to  100  ft.,  and  in  roc 
about  every  100  ft.  for  ventilation. 

The  double-heading  system  of  mining  and  ventilation  is  in  vogue.    O's 
casts  are  largely  used,  out  a  great  many  doors  are  used  in  some  of 
mines.     Rooms  are  worked    in   both  directions.     This   is   the   gene 
practice  when  the  grades  are  slight.     When  the  coal  dips  over  1^(, 
rooms  are  driven  in  one  direction  only.    In  this  case,  the  rooms 
made  longer,  as  much  as  350  ft.     It  is  the  custom  then  to  break  ab 
every  third  room  Into  the  cross-heading  above  (a  practice  ill  advise 
The  floor  of  this  bed  of  coal,  being  composed  of  shale  and  fireclay,  of 
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heaves,  especially  when  it  is  made  wet.  Some  trouble  is  at  times  experi- 
enced by  having  the  floor  heave  by  reason  of  the  pillars  being  too  small  lor 
the  weight  ttiey  support. 

The  dimensions  of  rooms  and  pillars  given  are  for  a  mine  (with 
covering  300  to  500  ft.  thick)  having  a  fairly  good  and  strong  roof.  Where 
roof,  bottom,  and  thickness  of  cover  change,  these  dimensions  are  altered  to 
suit  the  requirements.  The  main-heading  pillars  may  be  reduced  to  30  or 
40  ft.;  the  rooms  may  be  made  16  ft.  >vide  with  12  ft.  pillars,  and  no  barrier 
pillars  may  be  left  on  the  cross-headings. 

The  foregoing  plan  is  very  much  followed  in  other  parts  of  the  State;  at 
least  an  attempt  is  made  to  do  so,  but  local  disturbances  often  require 
changes  in  the  plan.    This  plan  is  followed  on  some  parts  of  New  River,  • 
and  also  in  the  Flat  Top  field. 

Alabama  Mathods  {J.  E.  Strona).— Fig.  12  shows  the  common  methods  used 
in  working  the  Alabama  coals.    The  seams  now  working  vary  from  2  to 
6  ft.  thick,  and  they  pitch  ftt)m  2°  to  40°.    Where  the  seams  are  thin,  the  , 
coal  is  hard,  and  pillars  of  about  20  to  30  ft.  are  used  to  support  the  roof. 


Fig.  13. 


The  thick  seams  are  soft  and  easily  broken,  and  much  larger  pillars  are  left. 
The  character  of  bottom  and  top  varies;  fireclay  bottom  ana  slate  roof  are 
usually  found  with  the  thick  seams,  and  hard  bottom  and  sandstone  roof 
with  the  thin  seams.    The  general  plan  of  laying  out  the  mine  is  to  drive 
the  slope  straight  with  the  pitch  of  the  seam;  this  Is  usually  on  the  butts  of 
the  coal.  •  A  single-track  slope  is  8  ft.  wide,  and  a  double-track  slope  16  ft. 
Cross-headings  are  driven  or  turned  from  the  slope  water  level  every 
300  ft.;  air-courses  are  driven  parallel  on  either  side  of  the  slope.    Where 
an  8  ft.  slope  is  driven,  30  ft.  of  pillar  are  left  between  the  slope  and  airway, 
and  for  a  16  ft.  slope,  30  ft.  of  pillar.    The  size  of  pillar,  however,  depends 
largely  on  the  character  of  the  roof  and  thickness  and  strength  of  poal.    On 
the  lower  side  of  the  headings,  pillars  from  20  to  60  ft.  are  left  on  the 
entry  before  turning  the  first  room.    The  rooms  are  worked  across  the  pitch 
on  an  angle  of  about  5°  on  the  rail,  Fi^.  12,  A,  when  the  coal  does  not 
pitch  greater  than  20°;  where  the  pitch  is  greater,  chutes  are  worked  and 
the  rooms  are  driven  straight  up  the  pitch  (Fig.  12,  B).     In  a  few  cases, 
where  the  pitch  is  not  greater  than  15°,  double  rooms  are  worked  with  two 
roadways  in  each  room  (Fig.  12,  C ).     A  rope  with  two  pulleys  is  used,  and 
each  track  keeps  the  rib  side  of  the  room,  the  loaded  car  pulling  up  the 
empty  on  the  opposite  side  of  the  room;  distance  between  room  centers, 
about  42  ft.    Where  single  rooms  are  worked,  the  room  is  driven  narrow 
(8  ft.  wide)  for  21  ft.,  when  connections  are  made  with  the  room  outside  of 
it;  the  room  is  then  widened  out  to  about  25  ft.,  sloping  gradually  until  this 
A?idth  is  at  tained;  pillars  of  from  10  to  20  ft.  thick  are  left  between  the 
rooms,  and  cross-cuts  for  ventilation  are  made  about  every  50  ft.;  every  third 
or  fourth  room  is  driven  through  to  the  entry  above;  pillars  are  then  drawn 
back  to  the  entry  stumps  or  pillars.    The  average  cover  over  the  coal  now 
working  is  from  100  to  600  ft.    Air-courses  usually  have  an  area  of  30  ft., 
and  sufficient  coal  is  taken  out  to  give  this  area,  the  roof  and  bottom  being  left. 
Gaoria's  Craak  District,  Md.— Fig.  13  shows  the  method  used  in  the  George's 
Creek  field,  Maryland.    The  coal  shows  no  indication  of  cleats,  and  the 
butts  and  headings  can  be  driven  in  any  direction.    The  main  heading  is 
driven  to  secure  a  light  grade  for   hauling  toward  the  mouth.      Cross- 
headings  making  an  angle  of  35°  to  40°  are  usually  driven  directly  to  the 
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rise,  and  of  the  dimensions  shown.  Pillars  are  drawn  as  soon  as  the  Tr^> 
are  completed,  bein^'  attacked  on  the  ends  and  from  the  rooms  on  eit:, 
side,  the  coal  being  shoveled  to  the  mine  car  on  a  track  in  the  room.  Verv 
wide  pillars  are  split.  No  effort  is  made  to  hold  up  the  overlying-  strata.  an<l 
the  entire  bed  is  removed  as  rapidly  as  possible.  An  extraction  of  85?^  of  the 
bed  is  consiilered  good  work.  A  section  of  the  seam  is  as  follows:  Roof 
coal.  10  in.;  coal,  7  ft.;  slate,  i  in.;  coal.  10  in.;  slate,  i  in.;  coal,  10  In.;  fireclay; 
slate.      The  top  bench  is  bony  and  frequently  left  in  place  to  prevent 


Fig.  14. 


Afouih4^A/'Jliri/t. 


disintegration  of  the  roof  by  the  air.  Above  this  coal  is  ftom  8  to  10  ft.  of 
"rashings,"  consisting  of  alternating  thin  beds  of  coal  and  shale,  that  is  very 
brittle,  and  requires  considerable  timber  to  keep  it  in  place.— ("Mines  and 
Minerals,"  Vol.  19,  page  422.) 

Blossburg  Coil  Region,  Pi.— Coal  is  generally  mined  from  drifts,  but  in  a 
few  cases  by  slopes.  Fig.  14  shows  the  general  method  adopted;  the  breasts 
are  run  at  right  angles  to  the  slips;  the  breast  pillars  are  split  by  a  center 
heading  an<r  taken  out  as  soon  as  the  breasts  are  finished.  The  gangway 
pillars  are  taken  out  retreating  from  the  crop  or  boundaries  of  the  property. 


The  general  average  of  the  coal  seams  is  not  over  3i  ft.,  accompanied  by 
flreclay  and  some  iron  ore.  The  dip  of  the  veins  is  about  Sjt.— ("  Mines  and 
Minerals,"  Vol.  19,  page  126.) 

Indiana   Coal    Mining.— Fig.  15  shows  the  double-entry  room-and-pillar 
method  as  used  in  Indiana.    The  entries  are  generally  6  fl.  high,  8  ft.  broad, 
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the  minimum  height  required  by  law  being  4  ft.  6  in.  The  rooms  are  fW)m 
21  to  40  tt.  in  width.  The  mines  are  generally  shallow.  The  rooms  in  Fig.  15 
are  shown  as  widened  on  both  ribs,  but  a  more  usual  method  in  this  locality 
is  to  widen  the  room  on  the  inbye  rib,  leaving  one  straight  rib  for  theprotec- 
tion  of  the  road  in  the  room.— <**  Mines  and  Minerals,"  vol.  W,  page  202. ) 

Iowa  Coal  Mining.— The  coal  lies  at  a  depth  of  200  ft.  below  the  surface,  and 
is  greologically  similar  to  that  of  the  Missouri  and  Illinois  fields.  It  lies  in 
lenticular  basins  extending  northwest  and  southeast  and  outcropping  in  the 
lare^r  liver  beds.  The  seams  are  practically  level,  non-gaseous,  and  gen- 
eraJly  underlaid  by  fireclay  and  overlaid  by  a  succession  of  shales,  sand- 
stones, and  limestones,  which  are  generally  of  a  yielding  nature,  giving  a 
strong,  good  roof  for  mining.  There  are  three  distinct  seams,  the  lower  one, 
wMcE  varies  fW)m  4  to  7  ft.  in  thickness,  being  the  only  one  worked.  The 
coal  is  a  hard,  brittle,  bitimiinous  coal  that  shoots  with  difficulty,  but  is 
e:xcellent  for  steam  and  domestic  uses.  About  Centerville,  the  coal  has  a 
distinct  cleat,  but  elsewhere  in  the  State  this  is  lacking. 

The  entry  pillars  along  the  main  roads  are  6  to  8  yd.  thick,  for  the 
cross-entries  5  to  6  yd.,  and  for  the  rooms  3  to  5  yd.  Room  pillars  are 
drawn  in  when  approaching  a  cross-cut.  Both  room-and-pillar  and  longwall 
metbods  are  in  use,  with  modifications  of  each.  In  the  room-and-pillar 
system,  the  double-entry  system  is  almost  invariably  used  in  the  larger 
mines.  Rooms  are  driven  ofT  each  entry  of  each  pair  of  cross-entries  at 
distances  of  30  to  40  ft.,  center  to  center;  the  rooms  are  8  to  10  yd.  in  width, 
and  pillars  3  to  4  yd.  The  rooms  are  narrow  for  a  distance  of  3  yd.,  and  then 
widened  inbye  at  an  angle  of  45°  to  their  ftill  width.  They  vitry  firom  50  to 
100  yd.  in  length,  and  the  road  is  carried  along  the  straight  rib. 

When  double  rooms  are  driven,  the  mouths  of  the  rooms  are  40  to  50  ft. 
apart,  and  they  are  driven  narrow  from  the  eutrya  distance  of  4  or  5  yd. 


Fig.  16. 


A  cross-cut  la  then  made  connecting  them,  and  a  breast  16  yd.  wide  is  driven 
up  50  to  60  yd.    The  pillar  between  each  pair  of  rooms  is  12  to  15  yd. 

In  pillar-and-stall  work,  the  stalls  are  usually  turned  off  narrow  and 
widened  inside,  the  pillar  varying  ftom  5  to  8  yd.  The  stalls  are  30  to  40  yd. 
in  length,  and  the  pillars  are  drawn  back.  When  the  stalls  are  driven  in 
pairs,  the  pillar  8  to  10  yd.  in  width  is  carried  between  them. 

Longwall.—The  main  haulage  road  runs  in  each  direction  from  the  foot  of 
the  shaft,  and  on  both  sides  of  this  diagonal  roads  are  turned  at  an  angle  of 
45°,  or  parallel  to  the  main  haulageway.  These  are  spaced  10  yd.  apart  and' 
driven  50  to  60  yd.,  when  they  are  cut  off  by  another  diagonal  road.  Panel 
breasts  are  used  where  the  conditions  are  such  as  to  induce  a  squeeze. 
Rooms  are  turned  narrow  off  entries  and  are  arranged  in  sets  of  6  to  12 
rooms,  with  a  pillar  10  to  20  yd.  wide  between  the  sets  of  rooms.  When  the 
rooms  have  progressed  a  short  distance  from  the  entry,  they  are  connected 
by  cross-cuts,  and  the  longwall  face  is  carried  forward  from  this  ]X)int. 
Packs  are  built  and  the  roof  allowed  to  settle,  as  in  longwall.  The  wide 
pillars  are  taken  out  after  the  roof  has  settled.  o 
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Ventilaiion.—The  system  of  ventilating  the  workings  usually  employed  is 
that  of  conducting  the  air  to  the  inside  workings  by  means  of  an  air-couret 
forming  the  back  entry  of  each  haulage  road.  From  this  point  it  is  carried 
along  the  face  of  the  rooms,  through  the  breakthroughs  or  cross-cuts  in  the 
room  pillars,  returning  thence  to  the  haulage  road,  which  is  usually  made 
the  return  airway.  When,  however,  the  mine  is  ventilated  by  means  of  a 
f\imace  or  an  exhaust  fan,  the  intake  airway  is  usually  made  the  haulage 
road,  in  order  to  avoid  doors  at  the  shaft  bottom. 

Tne  Tesia,  California,  metliod  is  shown  in  Fig.  16.  The  coal  seam  averager 
7  ft.  of  clear  coal,  and  pitches  60°.  This  system  was  adopted  in  a  portion  of 
the  mine  to  get  coal  rapidly;  for,  at  this  point,  a  short-grained,  slate  cap 
rock  came  in  over  the  coal,  making  it  difficult  to  keep  props  in  place.  The 
floor  is  a  close  blue  slate  and  has  a  decided  heaving  tendency.  The  roof  is 
an  excellent  sandstone.  There  is  a  small  but  troublesome  amount  of  gas. 
Two  double  chutes  are  driven  up  the  pitch  at  a  distance  of  36  ft.  apart,  con- 
nected every  40  ft.  by  cross-cuts.  One  side  of  each  chute  is  used  for  a  coal 
chute  and  the  other  for  a  man  way  and  air-course.  At  a  distance  of  12  yd. 
apart  small  gangways  are  driven  parallel  with  the  main  mine  gangways. 
These  are  continued  from  each  chute  a  distance  of  300  ft.,  if  the  conditioDs 
warrant  it.  The  top  line  is  then  attacked  from  the  back  end  and  the  coal  is 
worked  on  the  cleavage  planes;  the  breast,  or  room,  therefore  consists  of 
a  12-yd.  face,  including  the  drift  or  gangway  through  which  the  coal  is 
carried  to  the  chutes:  a  rib  of  coal  (2  or  3  ft.)  is  left  between  the  breasts  to 
keep  the  rock  from  falling  on  the  breast  below.    Thus  in  each  breast  the 


Fig.  17. 

miners  have  a  working  face  of  about  15  or  16  yd.,  and  as  the  coal  is  directed 
to  the  car  by  a  light  chute,  moved  along  as  the  face  advances,  the  coal  is 
delivered  into  the  cars  at  small  cost,  and  but  little  loss  results  from  the 
falling  coal,  as  a  minimum  of  handling  is  thus  obtained.  Immediately 
above  each  gangway,  and  starting  from  these  main  chutes,  an  angle  chute  is 
driven  at  about  45°,  connecting  with  the  breast  gangway  above  it,  and  into 
these  chutes  the  coal  from  that  breast  is  delivered,  runs  into  the  main  chute, 
and  from  it  is  loaded  into  the  mine  cars  in  the  main  gangway.  These  angle 
chutes  serve  as  a  means  of  keeping  the  main  chute  fufl,  and  at  the  same 
time  giving  each  breast  an  opportunity  to  send  out  coal  continuously. 
They  also  serve  the  purposes  primarily  intended,  of  saving  the  coal  from 
breakage,  by  giving  it  a  more  gradual  descent  into  the  mil  chute.  The 
breast  gangways  are  driven  5  ft.  wide.  No  timbers  are  needed  in  these 
angways,  as  they  are  driven  in  the  coal,  except  on  the  foot-wall  or  floor 
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ade,  which,  as  before  stated,  is  a  firm  sandstone.  It  is  found  safest  to  leave  a 
rib  of  coal  on  the  top  of  the  breast  2  or  3  ft.  thick,  until  the  working  face  has 
passed  on  12  or  15  ft.,  when  this  rib  is  cut  out  and  thus  all  the  coal  extracted, 
the  roof  caving  behind  and  filling  in  the  opening.  As  cross-cuts  are  driven 
every  36  ft.,  ventilation  is  kept  along  the  working  faces,  and  a  safe  and 
effectual  means  of  securing  all  the  coal  in  the  seam  Is  thus  attained. 

Fig.  17  shows  another  system  used  in  No.  7  vein  at  the  same  place.  The 
seam  averages  7  ft.  of  coal.  The  roof  is  shelly  and  breaks  quickly,  hence 
the  coal  must  be  mined  rapidly. 

In  this  system  the  gangway  chutes  are  driven  at  right  angles  with  the 
strike  of  the  seam,  40  It.  up  the  pitch;  a  cross-cut  5  ft.  X  6  ft.  is  then  driven 


Fig.  18. 


parallel  with  the  gangway.  From  this  cross-cut,  chutes  are  driven  at  same 
distance  a]mrt  as  the  gangway  chutes (30  ft.),  at  an  angle  of  35°  and  cross- 
cuts are  driven  every  40  ft.  between  chutes,  for  ventilation.  After  a  panel 
of  five  or  more  chutes  is  driven  up  the  required  distance,  work  is  com- 
menced on  the  upper  outside  pillar  and  the  pillars  on  that  line  are  drawn 
and  the  next  line  is  attacked,  and  this  is  continued  until  the  panel  or  block 
is  worked  down  to  the  cross-cut  over  the  gangway.  About  every  80  ft.  in 
this  level  it  is  found  advantageous  to  build  a  row  of  cogs  parallel  with  the 
strike  of  the  seam  as  the  pillars  are  drawn.  This  serves  to  save  the  crushing 
of  the  pillars,  and  prevents  any  accidents  from  falls  of  rock.  But  few 
timbers  are  required  by  this  system.— ("Mines  and  Minerals,"  Vol.  19, 
page  145.) 
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New  Castle,  Colorado,  Method.— The  following  method  as  described  by 
R.  M.  Hosea,  Chief  Engineer  of  the  Colorado  Fuel  and  Iron  Co.^  is  i 
at  New  Castle,  Colo.,  for  highly  inclined  bituminous  seams.  The  coals  mj 
are  only  fairly  hard,  contain  considerable  gas,  and  make  much  wast 
mining.  Fig.  18  shows  the  method  used  tor  extracting  the  Wheele: 
thicker  vein  to  its  ftill  width  of  45  ft.,  and  the  E  seam  18  ft.  thick,  excep 
that  left  for  pillars.  Rooms  and  pillars  are  laid  out  under  each  othe 
the  two  seams  whenever  practicable.  Entries  are  along  the  foot-wall;  S 
up  the  pitch  is  an  air-course.  Rooms  and  breasts  are  laid  out  as  sh( 
in  B  and  C,  Fig.  18.  In  the  Wheeler  vein,  the  manways  go  throus:h 
entry  pillars  to  the  air-course  and  thence  along  the  ribs  each  sid( 
the  room,  one  man  way  to  the  main  entry  serving  for  two  double  rooms 
lower  bench  of  6  ft.  is  first  mined  the  full  length  of  the  rooms,  120  ft., 
manways  being  protected  by  vertical  or  leaning  props,  bordered  wltl 
planks  outside,  and  the  chute  or  battery  is  then  put  in.  At  the  top  the  ro 
are  connected  by  cross-cuts,  and,  occasionally,  intermediate  cross-cuts 
required.  The  room  is  kept  fUll  of  loose  coal,  only  suflScient  being  draw 
keep  the  working  floor  at  the  proper  height  for  the  mining.  When  dri 
to  tne  limit  and  with  cross-cuts  connected,  the  coal  is  an  drawn  ou 
the  chutes,  which  have  receptacles  for  rock  and  waste  at  their  sides,  t< 
picked  out  by  the  loaders.    The  next  operation  is  to  drive  across  the  seai 
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the  air-course  until  the  hanging  wall  is  reached,  manways,  called  hojck  n 
ways,  being  maintained  as  before.  A  triangular  section  of  coal  is  mined 
as  shown  in  A,  Fig.  18,  and  the  room  filled  with  loose  coal.  The  full  th 
ness  of  the  seam  is  now  taken  off,  shots  being  first  placed  at  S  S,  coal  b< 
drawn  out  at  the  bottom  as  required.  Section  Z>,  Fig.  18,  shows  a  metho 
robbing  a  pillar.    In  doing  this,  the  manways  are  moved  back  into 

gillar  each  side  10  ft.  or  so,  by  mining  on  the  lower  bench  as  before, 
oles  are  drilled  into  the  roof  with  long  drills,  which  bring  down  as  muc 
the  overhanging  part  as  can  be  reached.— ("  Mines  and  Minerals,"  Vol 
page  377.) 

MODIFICATIONS    OF    LONQWALL    METHOD* 

Fig.  19  shows  a  good  arrangement  of  the  main  and  temporary  haul 
ways  m  a  flat  seam.  The  chief  object  in  any  plan  of  longwaU  workings  i 
have  the  permanent  roadways  the  arteries  of  the  system,  providing  the  i 
-direct  route  ftom  all  sections  of  the  mine  to  the  shaft.    The  tempoi 
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roads  or  working  places  are  only  maintained  for  a  distance  of  60  to  100  yd., 
until  cjit  off  by  subroads  branching  at  regular  intervals  fW)m  the  main 
roads.    In  the  fifnire,  full  heavy  lines  indicate  the  permanent  haulageways, 

except  only  the  main 
intake  airway  (12  ft. 
wide),  running  west 
ftrom  the  downcast  shaft 
D,  and  the  main  return 
air-course  (12  ft.  wide) 
leading  fi'om  the  face  on 
the  east  side  to  the  man- 
way  around  the  upcast  U, 
which  is  the  hoisting 
shaft.  The  fUU  light 
lines  indicate  the  diag- 
onal subroads,  driven  to 
cut  off  the  working 

S laces,  shown  by  the 
otted  lines.  The  stables 
are  located  as  shown  in 
the  shaft  pillar,  between 
the  two  shafts,  where 
they  will  not  contami- 
nate the  air  going  into 
the  mine,  but  will  receive 
air  fresh  from  the  down- 
cast and  discharge  it  at 
once  into  tiie  upcast  cur- 
rent. This  poation  also 
affords  ready  access  firom 
either  shaft  in  case  of 
accident,  and  for  the 
handling^  of  feed  and 
refuse.  The  pumps  may 
be  located  in  any  con- 
venient position  at  the 
foot  of  the  upcast.  The 
shaft  bottoms  are  driven 
14  fl.  wide  nearly  through 
the  shaft  pillar,  and  are 


continued  10  ft.  wide  north 
and  south  through  the  gob. 
The  width  of  all  other  roads 
and  subroads  is  made  8  ft.  The 
extra  width  of  the  straight 
road  through  the  hoisting  shaft 
is  to  provide  for  the  ftiture  need,  when  the 
size  of  the  workings  will  demand  that  the 
mine  be  ventilated  in  four  sections  or  splits;  and  these  two  roads  will  then 
each  form  the  return  of  two  sections.  This  will  be  accomplished  bv  over- 
casting the  main  road  forming  the  shaft  bottom,  and  carrying  half  the  cur- 
rent by  this  means  to  the  east  face,  where  it  is  again  divided.  The  same 
thing  is  done  on  the  west  side.  The  divided  currents,  after  traversing  the 
faces  of  their  own  respective  sections,  unite  and  return  to  the  hoisting  shaft 
by  the  main  haulage  road. 

When  the  roof  is  very  solid,  the  gol^  ^^ds  turn  Off  the  entri«[  ^.t  45«^„  and 
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may  be  a  considerable  distance  apart,  so  that  the  tracks  can  be  tum< 
along  the  working  face  and  the  mine  cars  loaded  at  the  face.  Wbei 
roof  18  tender,  making  it  impossible  to  maintain  sufficient  room  for  the  ] 
cars  to  pass  along  the  face,  gob  roads  are  turned  off  near  together,  an< 
mine  cars  run  to  the  road  neads,  to  which  points  the  coal  is  shovelc 

1  hauled  in  buckets.    When  the  working  face  has  recu^hed  such  a  dist 

fh>m  the  bottom  of  the  shaft  that  it  becomes  impossible  to  work  ra] 
enough  to  avoid  the  destructive  weighting  action  of  the  roof,  the  mi 
must  oe  divided  into  panels  or  sections,  the  working  face  of  each  of  w 
can  be  advanced  at  the  proi)er  rate. 

Figs.  20  and  21  show  a  plan  and  section,  respectively;  of  two  met 
largelv  used  in  Europe  for  working  thick  pitching,  contiguous  sean 
hara,  long-grained  coal.  From  the  foot  of  the  slumis,  levels  are  drive 
the  strike,  and  jig  roads  turned  off  these  in  the  top  seam  at  right  ai 
up  the  pitch.  The  working  £eices  are  advanced  in  the  same  norizc 
plane,  the  lower  one  bein^  always  ahead.  The  coal  from  the  tWo  h 
seams  is  run  through  horizontal  i>assage8  to  the  upper  seam,  wbere 
lowered  to  the  levels  below  by  means  of  jigs  or  gravity  planes.  The  a 
between  the  seams  and  the  reftise  obtained  in  mining  are  used  to  fiU 
the  facra  advance.  This  gobbing  must  be  done  quite  thoroughly,  in  ord 
prevent  excessive  settling  of  the  roof  and  consequent  crushing  of  the  eo 
the  faces.  Where  spontaneous  combustion  is  liable  to  occur,  it  la 
advisable  to  use  this  method,  but  rather  that  shown  in  the  lower  portl< 
the  figures.  Slopes,  or  inclined  planes,  are  driven  down  the  pitch  fron 
levels  to  the  ba^n,  or,  if  possible,  to  the  boundary  line,  where  the  vroi 
faces  are  formed  by  driving  levels  to  the  right  and  left  of  the  ends  o 
slopes.  The  working  faces  are  here  also  kept  in  a  horizontal  plane 
the  lower  one  farthest  up  the  pitch.  The  coai  from  the  two  upper  sea: 
taken  through  tunnels  or  fiats  to  the  slopes  in  the  lower  seam,  and  hoist 
the  shaft  bottom.  Here  all  the  inclined  planes  or  other  parages  are  ii 
solid  coal,  and  the  worked-out  places  are  left  behind.  A  very  small  am 
of  coal  is  left  in  the  mine  when  worked  from  the  basin  upwards.  an< 
effects  of  squeezes  are  not  felt  to  any  great  extent,  as  the  weight  of^the 
is  thrown  on  the  gob.  Where  there  is  not  sufficient  refUse  material  to  t 
with,  it  is  taken  into  the  mine  from  the  surface,  or  from  another  adja 
mine  having  an  extra  amount  of  stowing  material. 

It  is  not  necessary  that  the  slopes  be  sunk  to  the  boundary  line,  in  vr 
case  the  main-slope  pillars  should  be  large  and  left  in  so  that  the 
workings,  as  they  are  called,  can  be  continued  downwards  when  desi 
In  this  way,  the  first  cost  of  opening  up  is  greatly  reduced.  The  ven 
tion  of  these  workings  is  quite  simple,  the  intake  being  split  at  the  ends  oi 
main  entries,  or  slopes,  and  the  air  forced  along  the  different  working  f 

t  to  the  right  and  left,  and  thence  to  the  upcast  by  way  of  the  main-re 

^  airways.     If  at  all  possible,  it  is  advisable  to  provide  an  outlet  near 

faces  of  the  rise  workings  that  are  advancing  upwards,  because  the  lig 

^Tj  gases  cannot  be  forced  down-hill   with   satisfaction  unless  an  excee 

M  velocity  of  the  air-current  be  maintained.    These  systems  are  well  ada] 

•^  to  deep  or  shallow  mines,  and  to  give  maximum  outputs  for  minin 

development,  provided  the  work  is  carried  on  quickly  and  steadily. 
^  Overnand-Stoping   Method.— Where   several  thick  and  heavily   pitcl 

seams,  in  which  considerable  firedamp  is  given  off  and  the  roof  i 

•  freely,  are  to  be  worked,  a  shaft  is  sometimes  sunk  in  the  adjacent  sti 

and  at  certain  distances  horizontal  tunnels  are  driven  to  the  coal  sec 
From  these  tunnels,  levels  or  haulage  roads  are  driven  in  each  sean 
the  right  and  left,  provided  the  seams  are  not  so  close  together  as  to  n 
it  more  profitable  to  use  rock  chutes  or  tunnels,  through  which  the  ( 
is  run  from  one  seam  into  the  other.  At  certain  intervals,  depending  on 
length  of  the  lifts  horizontally,  pairs  of  headings,  usually  called  dips, 
driven  up  the  pitch  until  they  intersect  the  levels  and  tunnels  ab 
Headings  are  turned  off  these  dips  to  the  right  and  left,  parallel  to  the  n 
levels  or  haulage  roads,  and  when  they  meet  or  have  reached  their  1 
horizontally  they  are  holed,  or  cut  through,  by  cross-cuts  driven  on 
pitch.  The  working  faces  thus  formed  are  then  carried  back,  as  showi 
Fig.  22.  Skips  are  taken  off  the  face  and  the  roof  allowed  to  cave  in  a 
each  operation  and  fill  up  the  gob  behind.  The  order  of  working  is  s 
that  the  top  faces  are  worked  in  advance  of  the  lower  ones.  The  c 
which  are  taken  to  the  working  faces,  are  handled  in  the  dips  by  bala 
carriages,  or. back  balances,  as  they  are  termed  in   some  localities. 
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barney,  or  balance,  runs  on  a  narrow  track  In  the  middle  of  the  track  for  the 
carriage  on  which  the  car  is  placed.  The  barney  will  raise  the  carriage  with 
tlie  empty  car  on  it,  and  the  carriage  and  loaded  car  will  hoist  the  barney. 
Tliese  Rravitv  planes  are  only  made  one-half  the  length  of  the  dips,  or  about 
150  ft., In  order  that  greater  safetv  may  be  secured  and  shorter  ropes  used. 
One  is  placed  in  the  lower  half  of  one  of  the  pairs  of  dip  headings,  and 
another  in  the  upper  half  of  the  other,  thus  necessitating  that  the  cars  be 
clianged  ftom  one  gravity  plane  to  the  other  midway  along  the  dips.  This 
is  done  by  taking  tne  car  off  one  carriage  and  pushing  it  tnrough  a  break- 
tbxough  or  cross-cut  to  the  other.  Fig.  22  shows  the  method  of  working  these 
lifts  in  some  parts  of  England  and  Belgium  where  the  seams  are  gaseous,  and 
some  of  them  quite  thick.  The  face  is  stepped  more  or  less  deeply,  depend- 
ing on  the  pitch,  in  order  to  protect  each  miner  from  the  falling  coal  of  his 
neiglibor.  The  men  reach  the  higher  portion  of  the  working  utce  through 
timbered  manways.  The  coal  is  generally  run  down  chutes  to  the  cars 
"below,  but  in  some  places  it  is  run  to  the  end  of  the  gangway  below  by 
means  of  inclined  chutes,  or  spouts,  laid  on  the  ffob.  Tne  essential  feature 
for  the  successfhl  operation  of  this  system  is  the  close  and  eareftil  stowing  of 
the  gob  between  walls.  In  Belgium,  cord  wood  and  brush  wood  are  very 
largely  used  for  gobbing  material  or  stowing  between  the  regular  timbers. 
All  the  coal,  except  very  thin  vertical  pillars,  is  taken  out.    where  there  is 
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much  firedamp,  the  miners  simply  nick  the  coal  and  leave  it  stand  over 
night,  during  which  time  the  gas  either  forces  it  off  the  solid  or  so  loosens  it 
that  the  miner  can  easily  take  it  off  with  a  pick.  (See  also  EUghly  Inclined 
Mineral  Deposits.)  

MKTHODS   OF    MINING   ANTHRAOITC. 

A  perfectly  flat  seam  of  anthracite  is  seldom  found  In  America,  and  even 
where  a  portion  of  the  seam  may  be  found  lying  comparatively  flat,  such 
sudden  changes  in  dip  must  be  expected  that  a  system  adapted  to  working 
on  a  pitch  is  almost  universally  used.  A  breast  may  start  on  a  low  pitch  and 
the  pitch  may  increase  gradually  until  it  becomes  vertical,  or  the  reverse 
may  be  the  case.  The  cleat  is  usually  lacking  in  anthracite,  and  the  direc- 
tion of  driving  the  breasts  is  determined  largely  by  the  pitch  and  by  haulage 
considerations. 

For  pitches  up  to  30°,  the  methods  shown  in  Figs.  1,7, 8, 9, 10, 12,  and  13  are, 
in  general,  applicable,  with  certain  changes  due  to  local  considerations. 
There  is  considerable  difference  in  the  methods  of  opening  rooms  in  anthra- 
cite and  bituminous  mines,  owing  to  variations  in  the  characteristics  of  the 
co«^s  and  to  the  fact  that  anthracite  will  slide  on  chutes  of  less  inclination 
than  bituminous  coal.  Where  the  pitch  does  not  exceed  4®,  the  rooms  are 
turned  off  at  right  angles  to  the  gangway.    In  moderately  thick  coal  seams, 

fetching  between  4°  and  18°,  the  rooms  are  generally  driven  across  the  pitch, 
brming  room  breasts,  thus  securing  a  grade  that  permits  the  haulage  of  the 
cars  to  the  face.  .  ^ 
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There  are  two  methods  of  mining  thick  coal  in  breasts  when  neai 
(1)  The  breasts  are  opened  out  and  driven  to  the  limit  in  the  lower  b< 
coal,  and  the  top  benches  are  blown  down  afterwards,  be^nninar  at  tJ 
and  working  back.  (2)  When  the  roof  is  good  and  there  is  no  dTangre 
falling  and  closing  up  the  workings,  the  upper  benches  may  be  wor 
the  opposite  direction,  beginning  at  the  gangway  and  driving  towai 
limit  of  the  lift,  or  the  working  of  the  upper  bench  may  follow  up  that 
lower  bench.  When  the  seam  is  less  than  12  ft.,  the  top  is  suppor 
props;  in  thicker  seams,  the  expense  is  so  great  for  propping  that  bui 
attempt  is  made  to  support  the  roof.  In  the  thicker  anthracite 
(notably  the  Mammoth),  the  coal  in  the  breasts  is  so  worked  as  to  mi 
arch  of  the  upper  benches  of  coal,  which  acts  as  a  temporary  support  i 
roofi  the  coal  in  the  arch  being  extracted  when  the  pillars  are  roobed 

When  the  inclination  of  anthracite  seams  is  less  than  30°,  the  breast 
be  opened  with  one  chute  in  the  center;  which  ends  in  a  platform  proji 
into  the  gangway,  off  which  the  coal  can  be  readily  loaded  into  the 
car.  When  this  method  is  employed,  the  refUse  is  thrown  to  either  s 
the  chute.  If  the  pillars  are  to  be  robbed  by  skipping  or  slabbing:  o; 
only,  it  is  well  to  keep  most  of  the  reftise  on  one  side.  Sometimes,  win 
top  is  good,  and  the  breasts  are  driven  wide,  two  chutes  are  used,  bi 
cost  of  making  the  second  chute  is  considerable  and  is  therefor 
advisable  unless  necessitated  by  the  method  of  ventilation  employed. 

Col.  Brown's  Method.— Fig.  23  shows  a  panel  system  devised  by  C!ol. 
Brown,  of  Lost  C^eek,  Pa.,  which  gives  good  results  in  thick  seams  pit 
from  15°  to  45°,  where  the  top  is  brittle,  the  coal  free,  and  the  mine  gai 
Rooms  or  breasts  are  turned  oflf  the  gangway  in  pairs,  at  intervals  of 


Fig.  23. 


60  yd.  The  breasts  are  about  8  yd.  wide,  and  the  pillar  between  about 
wide,  which  is  drawn  back  as  soon  as  the  breasts  reach  the  airway  nea 
level  above.  In  the  middle  of  each  large  pillar  between  the  several  pa 
breasts,  chutes  about  4  yd.  wide  are  driven  from  the  gangway  up  U 
airway  above.  These  are  provided  with  a  traveling  way  on  one  side,  g 
the  miners  free  access  to  the  workings.  Small  headings  are  driven  ii 
bottom  bench  of  coal,  at  right  angles  to  these  chutes,  and  about  10  or  2 
apart.  These  heading^  are  continued  on  either  side  of  the  chutes  until 
intersect  the  breasts.  When  the  chute  and  headings  are  finished,  the 
of  getting  the  coal  in  the  panel  is  begun  by  ^ing  to  the  end  of  the  u 
most  heading  and  widening  it  out  on  the  rise  side  until  the  airway  abc 
reached  and  a  working  face  oblique  to  the  heading  is  formed.  This  ft 
then  drawn  back  to  the  chute  in  the  middle  of  the  panel.  After  the  \ 
ing  face  in  the  uppermost  section  has  been  drawn  back  some  10  or  12 
work  in  the  next  section  below  is  begun,  and  so  on  down  to  the  gang 
working  the  various  sections  in  the  descending  order.  Both  sides  o 
pillar  are  worked  similarly  and  at  the  same  time  toward  the  chute. 

Small  cars,  or  buggies,  are  used  to  convey  the  coal  from  the  working 
along  the  headings  to  the  chute,  where  it  is  run  down  to  the  gangway  b 
and  loaded  into  the  regular  mine  cars.'  This  system  affords  a  great  degi 
safety  to  the  workmen,  because  whenever  any  signs  of  a  fall  of  roof  or 
occur,  the  men  can  reach  the  heading  in  a  very  few  seconds  an( 
perfectly  safe.    A  gi^eat  deal  of  narrow  work  must  be  done  before  any  i 
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uajitity  of  coal  can  be  produced.  The  breasts  are  driven  in  pairs  and  at 
[itervals,  to  get  a  fair  quantity  of  coal  while  the  narrow  worlc  is  being  done, 
nd.  tliey  are  not  an  essential  part  of  the  system.  It  is  claimed  thi^t  the 
i.cillty  aud  cheapness  with  which  the  coal  can  be  mined,  handled,  and 
leaned  in  the  mine  more  than  counterbalance  the  extra  expense  for  the 
larroMT  work. 

Battery  Working.— Fig.  21  shows  a  method  of  opening  a  breast  by  two 
hutes  c,  c,  when  there  is  a  great  amount  of  reftise,  or  when  a  great  amount 

n 


f^'T<^t«'' 


Fig.  24. 

of  gas  is  given  off.  The  chutes  are  extended  up  along  the  rib  to  within  a 
few  feet  of  the  working  face,  either  by  planking  carried  on  upright  posts,  or 
by  building  a  Jugular  man  way,  as  shown  in  the  sections  <o)  and  (6),  Fig.  25. 
These  chutes,  built  of  jugtUara  or  inclined  props  and  faced  by  2''  plank,  are 
made  as  nearly  air-tight  as  possible,  to 
carry  the  air  from  the  heading  a  to  the 
working  face.  Figl  24  shows  a  breast 
on  a  pitch  too  steep  to  enable  the  miner  to 
keep  up  to  the  face.  In  seams  of  less  than 
35®,  the  platform  /shown  near  the  face  of 
the  breast  is  unnecessary,  and  in  seams 
thicker  than  12  ft.  it  cannot  be  built; 
hence,  this  method  of  working  is  applica- 
ble (1)  to  beds  pitching  more  than  35°, 
and  (2)  to  thin  seams. 

The  coal  is  separated  from  the  refuse 
on  the  platform  /,  and  is  run  down  the 
manway  chutes  and  loaded  into  the  cars 
from  a  platform  projecting  into  the  gang- 
way g.  The  refUse  is  thrown  in  the  midd  le 
of  the  breast  behind  the  platform.  A  cer- 
tain amount  of  coal  is  kept  on  the  plat- 
form to  deaden  the  blow  from  the  falling 
coal.  The  chutes  are  timbered  when  the 
character  of  the  coal  requires  it.  This 
plan  can  also  be  employed  in  thick  seams 
having  a  heavy  dip,  if  there  is  enough 
refuse  to  fill  the  center  of  the  breast  so  that  the  miner  can  work  without  the 
platform. 

FifT-  25  (o)  is  a  section  through  p,  p  when  jugulars  a,  a  are  used  to  form  the 
man  ways  6,  b  along  the  sides  of  the  breast;  and  (6)  is  a  section  through  the 
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same  line  when  upright  posts  a,  a  are  used  to  support  the  plank  in  i 

the  manways  b,  b.     The  refuse  in  these  cases  only  partially  fills  t; 

In  working  very  thick  seams  on  heavy  dips,  where  there  is  not  ( 

refuse  to  fill  the  middle  of  the  breast,  the  miner  has  nothing  to  stand 


Fig.  26. 


'J 


Plan  along  1 8. 


Fig.  27. 


Section  on  p  q. 


platform  being  impracticable;  therefore,  it  is  necessary  to  leave  the 
Qoal  in  the  breast.  Loose  coal  occupies  from  505(  to  905^  more  space  thar 
in  the  solid.    This  surplus  is  drawn  out  through  a  central  chute.    Ifth( 
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s  poor,  the  movement  of  the  coal  will  not  in  this  way  cause  it  to  fall  and 
aiix  with  the  coal;  and  if  the  floor  is  soft,  the  jugulars,  which  are  stepped 
into  the  floor,  are  not  so  liable  to  be  unseated,  clodne  the  man  way  and 
t>locking  the  ventilation.  The  surplus  is  sometimes  sent  down  the  manways, 
leaving  the  loose  coal  in  the  center  of  the  breast  undisturbed,  until  the  Umit 
is  reached. 

Slagte-Chuta  Battary.— To  prevent  the  coal  from  running  out  through  the 
chuwL^tibe  opening  into  the  breast  is  closed  by  a  battery  constructed  by 
laytillplHiavy  logs  across  the  openings,  as  shown  at  6,  Fig.  26,  or  else  built  on 
prop%  Hi  ii^own  at  6,  Fig.  27;  a  hole  Is  left  in  the  center,  or  at  one  side  of  the 
batt«^f«  through  which  the  coal  may  be  drawn.  The  battery  closes  all  the 
openings  into  the  breast,  except  the  space  occupied  by  the  Jugular  manways, 
and  is  m^de  air-tight,  or  as  nearly  so  as  possible,  by  a  coyerio^  of  plank. 

Fig.  26  is  a  plan  and  section  of  a  breast  opened  up  by  a  single  cnute.  The 
plan  A  is  taken  on  the  line  m  n  shown  on  the  section  B,  which  section  is 
taken  on  the  Une/<  shown  on  the  plan  A.  The  pitch  is  great  and  the  seam 
is  so  thick  that  the  breast  must  be  kept  fUll  of  loose  coal  mr  the  men  to  work 
upon,  the  surplus  being  drawn  off  at  the  battery  h  and  run  into  the  car 
standing  on  the  gangway  g  through  the  chute  c.  A  manway  w  is  made 
along  each  side  of  the  br^tst,  for 
the  purpose  of  ventilation  and 
affording  a  passage  for  the  men 
to  reach  the  working  face.  The 
heading  a  is  used  for  an  air- 
course  between  breasta  The 
main  airway  h  is  driven  over 
the  gangway  o,  where  it  will  be 
well  protected. 

By  drawing  the  surplus  coal 
through  a  central  chute,  the 
manways  are  not  ii^ured  so 
much  as  when  it  is  drawn  oflf 
through  side  chutes,  as  the  coal 
will  move  principally  along  the 
middle  of  the  breast.  When  the 
breast  is  worked  up  to  its  limit, 
all  the  loose  coal  is  run  out  of 
the  hreast  and  the  drawing  back 
of  the  pillars  is  commenced, 
unless  K>r  some  purpose  they 
are  allowed  to  stand  for  a  time. 

Doable-Chute  Bettery.— Fig.  27 
shows  a  plan  and  section  of 
double-chute  breasts  used  in 
very  thick  seams  having  a  heavy 
dip.  The  breeists  are  entered  bv 
two  main  coal  chutes  c,  c,  each 
of  which  is  provided  with  a  battery  5,  through  which  the  coal  is  drawn. 
A  manway  chute  to  is  driven  up  through  the  middle  of  the  pillar  for  a  few 
yards  and  is  then  branched  in  both  directions  until  each  branch  (slant 
chute)  intersects  the  foot  of  a  breast  near  the  battery  b,  as  shown.  The  jugu- 
lar manways  n,  n  are  started  kt  this  point  and  continued  up  each  afde 
of  the  breast.  The  main  airway  k  is  driven  in  the  solid  through  the 
stump  A  above  the  gangway.  By  driving  the  main  gangway  g  against  the 
roof,  as  shown,  the  pitch  or  the  chute  is  lessened,  and  the  loading  chute  c 
is  more  readily  controlled. 

When  the  main  gangway  is  not  driven  against  the  roof,  a  gale  is  placed 
in  the  chute  below  the  check-battery,  whicn  enables  the  loader  to  properly 
handle  the  coal.  Coal  in  excess  of  the  amount  necessary  to  keep  the  xniner 
up  to  the  face  may  be  drawn  through  the  main  battery,  or  sent  down  the 
manway  chute,  from  which  it  is  loaded  through  an  air-tight  check-batterv. 
The  main  chutes  are  usually  8  or  9  ft.  wide,  but  sometimes  only  for  tlie 
first  6  or  8  ft.;  above  this  they  are  driven  about  6  ft.  square.  The  manway 
and  iiant  chutes  are  also  about  6  ft.  square. 

When  the  seam  is  not  thick  enough  to  carry  the  return  airway  k  (Fig;  27) 
over  the  gangway,  the  chutes  are  driven  up  in  the  same  manner  as  in 
Fig.  27.  for  a  distance  of  about  30  ft.,  where  they  intersect  the  airway.  The 
breast  is  opened  out  just  above  the  airway,  a  battery  being  built  in  the  airway 


Fig.  28. 
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immediately  above  each  chute.  A  manway  is  driven  from  the  gt 
up  through  the  middle  of  the  stump  until  it  intersects  the  airway 
trap  door  is  placed  at  this  point  to  confine  the  air.  This  manway  J 
about  4  ft.  X  6  ft.,  or  smaller. 

Fig.  28  shows  a  less  complicated  plan  than  Fig.  27.    The  main  chu 
are  driven  up  to  the  heading  c,  from  which  the  breast  is  opened  ou 

batterv  is  ouilt  at 
of  each  chute  at  the 
marked  a,  a.  The 
are  used  for  drawi 
battery  coal,  and 
ceiving  the  manwa; 
and  are  also  used  fo 
eling  ways.  A  che< 
teryT)  is  placed  in  th< 
to  prevent  the  air-c 
A:om  taking  a  she 
fi:om  the  gangway  tl] 
the  chut€  to  the  brei 
ways.  This  check-l 
is  of  great  assistance 
loader  when  the  chu 
a  very  steep  pitch, 
can  readily  control  th 
of  coal  through  the 
hole. 

All  these  methoc 
open  to  the  objectio; 
in  case  of  any  accid< 
Fig.  29.  the    breast    manwa; 

which  the  flow  o 
shown  by  the  arrows,  is  obstructed,  there  is  no  means  of  isolating  the 
in  which  the  accident 
occurs,  and  the  venti- 
latiohof  all  the  breasts 
beyond  it  is-  entirely 
stopped.  Toovei^comie 
this,  sometimes  the  pil- 
lar A,  shown  ih  left- 
hand  breast.  Fig.  28,  is 
l^ft  in  each  breast  .to 
protect  the  airway. 

Rook-ChuteMining. 
V^.  29  shows  a  section 
of  two  seams,  sepa- 
rated by  a  few  yards 
of  rock.  Chuteisfrom 
4i  to  7  ft.  high  and  7  to 
12  ft.  wide  are  driven 
in  the  rock  from  the 
gangway  or  level  g  to 
the  level  I  in  the  seam 
above,  at  such  an 
angle  that  the  coal 
win  gravitate  from  the 
upper  seam  into  the 
gangway  £r.  The  work- 
ing, otherwise,  is  sim- 
ilar to  that  previously 
described. 

Rock-chute  mining 
contemplates  the  fol- 

1.    The  opening  of  Fig.  30. 

all  gangways  and  air- 
ways in  the  lower  seam,  to  develop  coal  as  yet  untouched  in  a  thick 
-»ng  a  few  feet  above  it.  r^r^r^nl^ 

)igitized  by  VnVjVj*^  It 
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2.  Developing  the  thick  bed  by  a  regular  series  of  rock  chutes  driven 
rom  tlie  gangway  below;  workings  being  opened  out  from  chutes  as  In 
>rdinary  pillar-and-breast  working— the  panel  system  or  some  other  plan 
nay  be  found  better  than  pillar-and-breast  workings. 

3.  I>riving  the  breasts  to  the  limit  of  the  lift  and  robbing  out  the  pillars 
fTom  a  group  of  breasts  as  soon  as  possible,  even  if  a  localized  crush  is  induced. 

4.  After  one  group  of  breasts  is  taken  out  and  the  roof  has  settled,  open- 
ing a  second  series  of^chutes  for  the  recovery  of  coal  from  any  large  pillars 
that  were  not  taken  out  when  the  crush  closed  the  workings. 

5.  While  the  work  of  recovering  the  pillar  coal  is  in  progress,  a  second 
group  of  breasts  may  be  worked,  and  tne  process  continued  until  all  the 
area  to  be  worked  fh>m  that  gangwa}^  has  been  exhausted.  The  same 
process  is  employed  in  opening  lower  lifts. 

6.  When  all  the  upper  bed  of  coal  has  been  exhausted,  the  lower  seam 
may  be  worked  by  the  ordinary  method.    Workings  in  this  seam  may  be 


carried  on  simultaneously  with  the  upper  bed,  but  to  avoid  the  possibility 
of  a  aqteeze  destroying  these  workings,  very  large  pillars  must  be  left. 
After  exhausting  the  upper  seam,  these  pillars  may  be  advantageously 
worked  by  opening  one  or  two  breasts  in  the  center  of  each,  and  when  these 
are  worked  to  the  upper  limit,  attacking  the  thin  rib  on  each  side,  com- 
mencing at  the  top  and  drawing  back. 

When  the  roof  of  the  lower  bed  is  good,  the  cost  of  timbering  and  keeping 
open  the  gangways  and  airways  will  d6  considerably  less  than  if  these  were 
driven  in  the  upper  seam,  and  this  difference,  in  some  cases,  may  be  suf- 
ficient to  pay  for  driving  all  the  rock  chutes. 

There  are  three  undetermined  points  in  this  connection,  viz.:   (1)  The 
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maximum  distance  between  the  two  beds,  or  the  length  of  rock  chut 
can  be  driven  with  satisfactory  financial  results.    (2)  The  maximum  < 
which  such  working  can  be  successfully  opened.    (3)  The  mftTiiniiTTi 
ness  of  the  upper  and  also  of  the  lower  seam,  which  will  yield  result 
(  ranting  the  additional  outlay  when  rock  chutes  are  of  considerable  les 

Fig.  30  shows  how  one  or  more  seams  are  worked  by  oonnectiiigr  th< 
a  "stone  drift,"  or  "tunnel,"  driven  horizontally  across  the  mea; 
through  which  the  coal  Arom  the  adjacent  seams  is  taken  to  the  hat 
way  leading  to  the  landing  at  the  foot  of  the  8loi>e  or  shaft.  Tunne 
sometimes  driven  horizontally  through  the  measures  firom  the  surfiace, 
to  cut  one  or  more  seams  above  water  level. 

The  lower  seam  of  coal  is  worked  ftom  a  gangwav  or  level  I,  conni 
by  a  tunnel,  or  stone  drift  f,  to  the  level  or  gangway  g,  in  the  1 
seam.  The  stone  drift  may  be  extended  right  and  left  to  open  seams  a 
and  below  the  thick  seam.  This  tunnel,  or  stone  drift,  is  never  driven  u 
a  breast  in  the  upper  seam,  but  directly  under  the  middle  of  the  pillar. 
In  the  upper  and  thicker  seam,  when  the  coal  is  very  hard,  a  breai 
worked  to  the  limit  and  the  loose  coal  nearly  all  run  out  through  the  ch 
into  the  gangway  a.  The  "  monkey  gangway  "  m  is  driven  near  the  top 
return  airway,  and  is  connected  tq  the  upi>er  end  of  the  chute  «  by  a 
heading  n,  and  to  the  main  gangway  y  by  a  heading  v.  These  heading 
driven  for  the  purpose  of  ventilation  and  to  provide  access  to  the  batte 
case  the  chute  s  should  be  closed.  In  the  lower  seam,  the  breast  is  still  I 
worked  upwards  in  the  ordinary  way. 

The  J.  L  Williims  method  of  working  anthracite.  Fig.  81,  has  been  api 
successfully  by  the  originator  at  the  Richards  Mine,  Mt.  Carmel,  Pa.,  an 
it  90){  of  the  available  coal  is  said  to  have  been  obtained.  The  method  is  i 
lar-and-stall  method  with  the  following  distinguishing  points:  (a)  Timb< 
the  gob  with  props  set  not  more  than  6  ft.  apiut,  to  keep  up  the  roof  di 
the  extraction  of  the' pillars.  (6)  Making  holes  fh)m  the  crop,  foi 
delivery  of  timber  into  the  workings,  (c)  Removing  the  pillars  in  sh 
lifts  than  is  possible  when  the  roof  is  supported  with  culm  pillars.  ( d )  » 
ing  the  gob  open  with  timber  for  dumping  the  fallen  rock,  that  would  J 
to  DC  sent  to  the  surface  if  the  breasts  were  flushed. 

Both  the  floor  and  the  roof  of  the  mine  were  weak,  so  that  it  wac 

possible  to  make  either  the  breasts  or  the  pillars  wide.    In  some  cases 

floor  consisted  of  8  ft.  of  clod,  and  to  prevent  its  lifting  and  sliding,  e 

alternate  prop  was  put  through  the  clod  and  its  foot  set  in  the  slate  bene 

while  the  other  props  were  set  on  pieces  of  2"  plank  2  ft.  in  length  to  ] 

down  the  bottom.    A  small  gangway  ^is  driven  to  take  out  the  chain  pi 

and  y  is  a  small  gangway  for  taking  in  timber. 

^,  Running  of  Coil.— in  large  seams,  when  the  coal  is  soft  and  shelly  or 

^  pery,  and  lies  at  an  angle  of  more  than  50^,  and  generates  large  quantitii 

^  firedamp,  a  danger  to  be  guarded  against  is  the  sudden  liberation  oi 

^m  should  a  breast  run;  that  is,  should  the  coal  at  the  face  loosen  and  run 

by  its  own  gravity,  only  stopping  when  it  chokes  or  fills  up  the  open  s] 

below.    To  meet  these  conditions,  the  air-course  may  be  driven  above 

■wi  gangway  and  used  as  a  return,  the  fan  being  attached  as  an  exhaust, 

^  the  working  breasts  ventilated  in  pairs.    The  inside  man  way  of  one  of  a 

^  of  breasts  is  connected  with  the  gangway  for  the  intake,  and  the  out 

« ,  manway  of  the  other  breast  with  the  return  airway,  giving  each  pai 

breasts  a  separate  split  of  the  current.    In  collieries  where  this  systei 

working  is  followed,  the  coal  is  soft.    A  new  breast  is  worked  up  a  few  ya 

but  as  soon  as  it  is  opened  out,  the  coal  runs  f^ely  and  the  manwaye 

pushed  up  on  each  side  as  rapidly  as  possible,  to  keep  up  with  the  face.  ' 

miners,  one  on  either  side,  sometimes  finish  a  breast  without  being  abl 

cross  to  each  other.    The  work  is  done  exclusively  with  safety  lamps, 

when  a  breast  "runs"  the  gas  is  liberated  in  such  quantities  tha 

frequently  fills  breasts  ttom  the  top  to  the  airway  before  the  men  can 

down  the  manway  on  the  return  side.    When  the  gas  reaches  the  cross-h 

it  passes  into  the  return  airway  without  reaching  any  part  where  men 

working.    Should  a  run  of  coal  block  a  breast  by  closing  the  manwa; 

aflTects  the  current  of  one  pair  of  breasts  alone.    As  the  gangway  is 

intake,  leakage  at  the  batteries  passes  into  the  breasts,  as  the  cross-holes 

above  their  level  and  the  gas  is  thus  kept  above  the  starter  when  at 

draw-hole.     The  gangway,  chutes,  and  airway  are  supplied  by  woo 

nipes,  which  connect  with  a  door  behind  the  inside  chute.    If  a  breast  i 

*o  the  surface,  it  does  not  affect  the  return  airway,  as  it  is  in  the  solid. 
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Among  the  disadvaiitages  urged  against  this  system  of  working  are  the 
allowing: 

It  increases  the  friction,  as  the  air  must  pass  in  the  airway  all  the  distance 
roin  the  breast  to  the  fan,  the  area  of  the  airway  being  small  in  comparison 
3  tlie  gangway  or  intake. 

Aa  the  faces  of  the  breasts  are  so  much  higher  than  the  return  airway, 
tie  lighter  gas  must  be  forced  down  into  the  return  against  the  buoyant 
o^wer  of  its  smaller  specific  gravity. 

Tlie  reduction  of  friction  obtained  by  splitting  is  neutralized  by  each  split 
vmninjg  up  one  small  manway  and  down  another;  the  advantage  of  running 
tiroiifl£  several  pillar  headings  and  thus  securing  a  shorter  course  being 
ost.  This  can  be  partly  obviated  by  ventilating  the  breasts  in  groups,  but 
lie  dangers  avoided  in  splitting  are  increased. 

Slackdamp,  which  accumulates  in  the  empty  or  partly  empty  breasts, 
vorlta  its  way  down  and  mixes  with  the  intake  current,  as  there  is  no  return 
iuxrent  in  the  breast  strong  enough  to  carry  it  away,  the  return  being  closed 
n  the  airway. 

All  things  considered,  when  the  seam  is  soft  and  has  a  pitch  of  40°  and 
upwards,  and  emits  large  Quantities  of  gas  in  sudden  outbursts,  as  in  running 
t>reast8,  this  system  is  the  best  that  can  be  adopted. 

When  the  Coil  Is  Hsrd  md  6is  Is  Not  Froolv  Evolved.— The  reverse  of  the 
system  just  described  is  followed  at  some  collieries  where  the  coal  is  hard 
and  but  little  gas  is  encountered.  The  airway  is  driven  over  the  gangway 
or  against  the  top,  the  fan  being  used  to  force  the  air  inward  to  the  end  of 
tlie  airway.  The  air  is  distributed  as  it  returns,  being  held  up  at  intervals 
by  distributing  doors  placed  along  the  gangway. 

Among  the  advantages  claimed  for  this  plan  are  the  following: 
As  the  pressure  is  outward,  it  forces  smoke  and  gas  out  at  any  openings 
tbat  may  exist  firom  crop-hole  rails  or  other  causes. 

The  warm  air  trom  the  interior  of  the  mine  returning  up  the  hoisting 
slope  or  shaft  prevents  it  from  ft'eezing. 

As  the  current  is  carried  trom  the  fan  to  the  end  of  each  lift  without  pass- 
ing through  working  places,  the  opening  of  doors  as  cars  are  passing,  etc. 
does  not  Interfere  with  the  current. 

If  a  locomotive  Is  used,  the  smoke  and  gases  generated  by  it  are  carried 
away  from  the  men  toward  the  bottom.  Locomotives  are  generally  used 
only  fh>m  the  main  turnout  to  the  bottom. 

An  objection  to  this  system  is  that  the  gangway,  as  the  return,  is  apt  to  be 
smoky.  Starters  and  loaders  are  forced  to  work  m  more  or  less  smoke,  and 
even  the  mules  work  to  disadvantage,  while  if  gas  is  given  off,  it  is  passed 
out  over  the  lights  of  those  working  in  the  gangway. 

However,  in  places  where  there  is  but  little  gas,  and  airways  of  large  area 
can  be  driven,  this  plan  works  verv  Batisfactoruy,  and  some  of  the  best  ven- 
tilated collieries  are  work«4  upon  it. 

An  objection  advanced  by  some  against  forcing  fans  is  that  they  increase 
the  pressure,  thus  damming  the  gas  back  in  the  strata.  In  case  the  speed  of 
the  fan  is  slacked  off,  the  accumulated  gas  may  respond  to  the  lessened  pres- 
sure and  spring  out  in  large  volumes  firom  its  pent-up  state.  This  argument, 
however,  works  both  ways.  An  exhaust  fan  running  at  a  given  speed  is 
taking  on  pressure,  and  if  anything  occurs  to  block  the  intake,  the  pressure 
is  diminished,  and  the  gas  responds  to  the  decrease  on  the  same  principle. 

Hints  for  the  Smtller  Sosms  When  They  Are  Small  and  Lie  From  Horizontal  to 
About  10°.— Two  gangways  may  be  driven,  the  lower  or  main  gangway  being 
the  intake.  Branch  gangways  should  then  be  driven  diagonally  or  at  a  slant, 
with  a  panel  or  group  of  working  places  on  each  slant  gangway.  Large 
headings  should  connect  the  panels.  In  this  system,  the  air  is  carried 
directly  to  the  face  of  the  gangway  and  up  Into  the  breasts,  returning  back 
through  the  working  places.  The  intake  and  return  are  separated  by  a  solid 
pillar,  the  only  openings  being  the  slant  gangways  on  which  are  the  panels. 
The  advantages  of  this  plan  are  several: 

The  main  gangway  is  solid,  with  the  exception  of  the  small  cross-holes 
connecting  with  the  gangway  above;  these  fhmish  air  to  the  gangway  and 
are  small  and  easily  kept  tight.  These  stoppings  should  be  built  of  brick, 
and  made  strong  enough  to  withstand  concu^ion. 

A  ftill  trip  of  wagons  can  be  loaded  and  coupled  in  each  panel  or  section 
without  interfering  with,  or  detaining  the  trafllc  on,  the  main  road;  one  trip 
can  be  loaded  while  another  is  run  out  to  the  main  gangway  for  transpor- 
tation to  the  bottom.  o 
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The  only  break  in  the  intake  current  is  when  a  trip  of  cars  is  taken  c 
from,  or  returns  to,  a  panel  or  section;  this  can  be  partially  provided  agai 
by  double  doors,  set  far  enough  apart  to  permit  one  to  close  after  the  t 
before  the  other  is  opened.  This  distance  can  be  secured  by  opening  t 
tirst  three  breasts  on  a  back  switch  above  the  road  through  the  gangwaf  ^ 
pillar,  or  by  running  each  branch  over  the  other  far  enough  to  obtain  the  ] 
distance  for  the  double  doors.  I 

If  it  is  not  desired  to  carry  the  whole  volume  of  air  to  the  end  of  the  air>  | 
wav,  a  split  can  be  made  at  each  branch  road.  These  will  act  as  unequal  \ 
splits  in  reducing  friction,  and,  although  not  theoretically  correct,  are  prefer^ 
aole  to  dragging  the  whole  current  the  fUll  length  of  the  workingrs. 

The  objections  urged  to  this  plan  are  that  it  involves  too  much  expense 
in  the  laree  amount  of  narrow  work  at  high  prices  necessary  to  open  out  a 
colliery,  that  it  necessitates  a  double  track  the  whole  length  of  the  lift;  and 
that  the  grade  ascends  into  each  panel  or  section.  But  the  latter  criticism 
falls,  because  the  loss  of  power  hauling  the  empty  wagons  up  a  slight  grade 
is  more  than  made  up  by  the  loaded  wagons  running  down  while  me  mules 
are  away  putting  a  trip  into  another  panel  or  section. 

For  a  large  colliery  this  is  without  doubt  the  best  and  cheapest  sjrstem. 

When  the  9eim  Is  Smell  end  Lies  et  en  Angle  of  More  Then  10°.—^  small  seams 
lying  at  an  angle  of  more  than  VHP,  and  too  small  to  permit  an  airway  over 
the  chutes,  it  is  more  difficult  to  maintain  ventilation.  If  air  holes  are  put 
through  every  few  breasts,  and  a  fk>e8h  start  obtained  by  closing^  the  back 
holes,  or  if  an  opening  can  be  gotten  through  to  the  last  lift  as  often  as 
the  current  becomes  weak,  an  adequate  amount  of  air  can  be  maintained, 
because  the  lift  worked  can  be  used  as  the  intake,  and  the  abandoned  lift 
above  as  the  return.  To  ventilate  f^esh  ground,  the  filling  of  the  chutes 
with  coal  will  have  to  be  depended  on,  or  a  brattice  must  be  carried  along 
the  gangway.  This  can  be  done  for  a  limited  distance  only,  as  a  brattice 
leaks  too  much  air.  As  a  rule,  collieries  worked  on  this  plan  are  run  along 
until  the  smoke  accumulates  and  the  ventilation  becomes  poor;  then  a  new 
hole  is  run  through  and  the  brattice  removed  and  used  as  before  for  the 
next  section.  This  operation  is  repeated  until  the  lift  is  worked  out.  Some- 
times, to  make  the  chutes  tight,  canvas  covers  are  put  on  the  draw  holes, 
but  as  they  are  usually  left  to  the  loaders  to  adjust,  they  are  often  very 
imperfectly  applied.  Then,  as  the  coal  is  fi-equently  very  large,  the  air  will 
leak  through  the  batteries. 

This  plan  works  very  satisfactorily  if  the  openings  are  made  at  short 
intervals,  say  as  frequent  as  every  fifth  breast,  but  the  distance  is  usually 
much  greater  to  save  expense.  As  the  power  of  the  current  decreases  as  the 
distance  between  the  air  holes  is  increased,  good  ventilation  is  entirely  a 
qucEttlon  of  how  often  a  cut-off  is  obtained. 

An  effective  ventilation  could  be  maintained  in  a  small  seam  at  a  heavy 
angle  by  working  with  short  lifts,  say  two  lifts  of  50  yd.  instead  of  one  of 
100  yd.,  as  at  present.  The  gangways  should  be  frequently  connected,  and 
one  used  as  an  intake  and  the  other  as  a  return.  This  would  necessitate 
driving  two  gangways  where  one  is  now  made  to  do,  but  the  additional 
exi>en8e  would  be  made  up  in  the  greater  proportion  of  coal  won. 


FLUSHING  OF  CULM. 

From  15^  to  20f(  of  the  coal  taken  out  of  an  anthracite  mine,  according 
to  the  methods  used  in  the  past,  became  so  fine  in  the  course  of  preparation 
through  the  breaker  that  it  could  not  be  used  or  sold,  and  hadto  oe  piled 
away  as  refUse.  Recently,  the  coarser  portions  of  these  culm  piles  nare 
been  screened  out  and  sold  for  use  as  steam  sizes,  while  the  finer  part, 
together  with  the  fine  material  fK»m  the  breaker,  has  been  carried  back  into 
the  mines  with  water  to  fill  the  abandoned  portions  of  the  underground 
workings. 

This  culm  is  carried  through  a  system  of  conveyors  to  the  hopper,  usually 
an  old  oil  barrel,  and  the  stream  of  water  is  conducted  into  the  same  hopper 
by  a  3"  pipe.  The  culm  is  then  carried  by  the  water  through  a  pipe  irom 
4  to  6  in.  in  diameter,  which  passes  into  the  mine  through  the  snaft,  bore 
hole,  or  other  opening,  thence  along  the  gangways  to  the  chambers  through 
the  cross-cuts,  and  to  the  point  where  it  is  desired  to  deposit  the  culm.  Tne 
ottoms  or  outlets  of  the  chambers  to  be  filled  are  closed  by  board  partitions 
tted  closely,  or  by  walls  of  slate  or  mine  rubbish.     The  culm,  as  it  issues 
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ftom  the  end  of  the  pipe,  takes  a  very  flat  slope,  and  it  is  carried  a  long  dis- 
t&nce  by  the  water,  wmcn  ultimately  filters  through  the  deposited  culm  to 
tike  lower  portion  of  the  mine,  to  be  pumped  to  the  surface.  When  the 
cl^amber  is  filled  to  the  roof,  the  pipe  is  withdrawn  and  extended  to  the 
next  place  to  be  filled,  and  so  on.  wrought-iron  pipe  is  said  to  be  the  best, 
&xid  the  life  of  the  pipe  depends  on  the  nature  of  the  water  used  and  the 
material  treated,  with  Aresh  water  and  small  culm  from  the  buckwheat 
screen,  it  lasts  18  months;  when  carrying  culm  fW)m  the  bank,  ranging  from 
cLust  to  pea  coal  and  some  chestnut,  9  months;  and  when  mixed  with  ashes, 
6  months.    The  smaller  the  material  tbe  better. 

The  amount  of  water  used  depends  on  the  distance  to  which  the  culm  is 
cskrried  and  the  slope  of  the  pipe. 

From  li  to  If  lb.  of  water  is  required  to  flush  1  lb.  of  culm  to  level  and 
down-hill  places;  3  to  6  lb.  of  water  to  1  lb.  of  culm  to  flush  up-hill  for  heights 
varying  firom  10  to  100  ft.  above  the  level  of  the  shaft  bottom.  Any  ele- 
vation of  the  pipe  very  materially  increases  the  amount  of  water  necessary. 
Mr.  James  B.  Davis,  superintendent  of  the  Dodson  and  Black  Diamond 
mines,  has  ascertained  by  exi>eriment  that  1  cu.  ft.  of  anthracite  coal  ground 
to  culm  can  be  flushed  into  a  space  of  nearly  U  cu.  ft.,  and  it.is  therefore 
impossible  to  compress  the  culm  more  than  one-third.  In  addition  to  acting 
as  a  filling  and  a  support,  to  prevent  squeezes  and  crushing,  flushing  has 
been  advantageously  used  for  fighting  and  sealing  ofi"  mine  fires.  No 
instance  has  been  recorded  where  spontaneous  combustion  has  taken  place 
in  the  flushed  culm. 

The  Dodson  culm  plant,  which  was  a  pioneer,  cost  $7,473.42,  with  the 
capacitv  of  flushing  119  tons  per  day,  while  the  Black  Diamond  culm  plant 
is  capable  of  flushing  287  tons  per  day  and  cost  $6,280.12,  but  plants  can 
probably  be  put  up  much  more  cheaply  than  this. 

The  saving  from  the  flushing  of  culm  over  depositing  it  on  the  surface 
yaries  for  the  ordinary  anthracite  colheryfrom  $5  to  $15  per  day.  The 
average  cost  of  putting  in  stoppings  in  >a  9^  vein  is  given  by  Mr.  Davis  as 
99.50,  including  material. 

To  remove  the  pillars  after  the  intervening-  breasts  hive  been  filled  with 
culm,  the  face  of  the  pillar  along  the  gangway  is  attacked,  and  a  road  driven 
up  through  the  pillar,  splitting  it  (2,  Fig.  32).  This  road  m»y  be  the  ftiU 
width  of  the  pillar,  but  in  general  it  is  necessary  to  leave  a  narrow  stump  of 
coal  on  either  side  to  keep  up  the  fine  flushed  material  in  the  adjoining 
breasts.  The  thickness  of  this  supporting  coal 
depends  entirely  on  the  conmtion  of  the 
flushed  material  behind  it.  If  that  Is  fine, 
it  will  set  firmly  and  form  a  compact  mass 
tliat  will  not  run.  In  such  a  case,  the  pillar 
may  be  entirely  taken  out,  leaving  a  vertical 
wall  of  solidly  packed  flushed  culm.  When 
the  flushed  material  is  of  a  size^  larger  than 
buckwheat.  It  will  not  set  compactly,  out  will 
run  when  it  is  opened  up,  and  when  such 
material  fills  the  adjoining  breasts,  the  thin 
pillar  of  coal  must  be  left  to  keep  back  the 
culm.  Timbers  are  placed  flush  up  against 
the  culm  or  the  coal  stumps,  as  the  case  may 
be,  and  if  there  is  a  tendency  for  the  culm 
to  run,  lagging  is  placed  behind  the  timbers. 
In  some  cases,  as  much  as  700  ft.  of  timber 
have  been  used  per  100  ft.  of  pillar  taken 
out.  As  the  pillar  is  removed,  the  top  settles 
until  it  finally  rests  upon  the  flushea  culm, 
and  as  the  weight  from  the  top  and  the  pres- 
sure from  the  ades  comes  upon  these  props, 
they  are  broken,  while  the  coal  that  has  been 
left  will  also  be  crushed.  At  the  Black  Dia- 
mond colliery,  the  props  used  are  16  ft.  long, 
and  at  this  colliery  the  top  settles  about  4  ft.  if  the  flushed  material  is 
packed  tightly  before  the  roof  pressure  comes  on  it.  After  this  settling, 
new  props  12  ft.  in  length  are  put  in  close  up  against  the  culm  and  the 
broken  stump  of  the  onginal  pillar,  and  they  serve  to  keep  the  road  open 
up  to  the  working  face. 
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METHODS   OF  MINING    MINERAL  DEPOSITS. 

Much  of  what  has  already  been  given  under  the  heading  of  Coal  Mining 
applies  equally  to  the  mining  of  mineral  deposits.  It  will  therefore  not  be 
repeated  under  this  heading,  and  the  only  methods  here  given  will  be  those 
that  have  not  already  been  covered. 

Highly  Inclined  deposits  are  mined  out  as  follows:  Horizontal  passages 
called  dr(/l«,  levels,  or  gcUleries  are  driven  through  the  ore  at  regular  intervals, 
and  connected  by  openings  at  right  angles  to  the  levels,  which,  in  tbe  case 
of  perpendicular  or  highly  inclined  deposits,  are  called  winzes  or  raises, 
according  as  they  are  sunk  from  above  or  raised  f^om  below.  These  parallel 
openings  divide  the  ore  body  into  a  series  of  rectangles,  thus  seryingr  to  test 
its  value.    (See  also  Overhand-Stopiug  Method,  page  304.) 

Levels.— The  distance '  between  the  individual  levels  depends  on  the 
material  being  mined.  They  are  placed  nearer  together  in  high-grade  ore 
than  in  low-grade  material.  The  width  of  the  vein  also  has  considerable 
influence  on  the  distance  between  the  levels.  In  veins  where  it  is  necessary 
to  break  into  walls  to  afford  working  room  in  the  liBvels,  they  are  usually 
placed  as  far  apart  as  is  consistent  with  the  economical  handling  of  the 
material  in  chutes  and  convenient  access  to  the  working  feces  of  the  slopes. 
The  distance  between  the  levels  varies  from  60  to  100  ft.,  and  should  be 
measured  on  the  dip  and  not  perpendicularly. 

Winzes  or  Raises. — ^The  distance  between  the  raises  or  winzes  varies  from 
30  to  250  ft.,  depending  largely  on  the  character  of  the  material  and  the 


Fig.  33. 


method  of  getting  it  into  the  chutes  or  winzes.  Where  the  material  at  the 
working  faces  is  hoveled  or  thrown  directly  into  the  chutes,  they  are  often 

{)laced  as  close  as  30  ft.,  while  if  the  material  is  carried  from  the  working 
ace  to  the  chute  or  winze  in  a  wheelbarrow,  the  chutes  may  be  much 
farther  apart. 

Sloping.— For  narrow  deposits,  there  are  two  general  styles  of  stoplng  in 
regular  use,  called,  respectively,  underhand  and  overhand  sloping.  There  are 
several  minor  divisions  under  each. 

Underhind  stoplng  may  be  conveniently  divided  into  underhand  regular 
and  underhand  Cornish. 

The  regular  method  of  underhand  stopine  is  illustrated  in  (a),  Fig.  33,  and 
may  be  described  as  follows:  The  miner  selects  a  place  in  any  given  level 
or  on  the  surface  of  the  ore  deposit  from  which  to  commence  stoping.  A 
cut  6  or  7  ft.  in  depth  and  from  6  to  8  ft.  in  length  is  made.  This  forms  the 
first,  or  No.  1,  bench  in  the  stope.  After  this,  he  continues  the  work  in  each 
direction,  supporting  the  track,  if  any  exists  above,  upon  stuUs  or  timbering. 
After  this  No.  1  bench  has  proceeded  a  sufficient  distance,  he  starts  a  similar 
cut  in  the  bottom  of  it,  which  forms  No.  2  bench,  and  is  driven  in 
both  directions  as  before.  At  first  the  ore  can  be  shoveled  to  the  level 
above,  but  after  considerable  depth  has  been  attained,  it  will  be  necessary 
to  provide  a  winze,  as  shown  at  /,  through  which  the  ore  from  the  lower 
benches  can  be  hoisted.  StuUs  covered  with  lagging  are  placed  across  the 
stope  behind  each  bench  as  platforms,  to  support  the  waste  material.  Under- 
hand stoping  by  the  Cornish  system  is  illustrated  in  (6),  Fig.  33,  and  differs 
from  the  system  just  described  only  in  that  the  level  below  nas  to  be  driven 
'^'st,  and  a  winze  sunk  to  it.    a  is  the  lower  level,  b  the  winze,  and  c  the 

•per  level.  The  work  is  then  carried  on  in  successive  benches,  as  described. 
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The  advantages  of  the  Cornish  method  are  that  any  water  that  collects 
in.  the  stope  flows  to  the  lower  level  and  does  not  have  to  be  taken  care  of  in 
each  individual  stope.  Also,  the  ore  can  be  tumbled  down  through  the  raise 
to  the  lower  level,  thus  avoiding  the  extra  hoisting  with  a  windlass, 
ox*  small  hoist. 

The  advarUciges  that  apply  to  any  system  of  underhand  stoping  are  as 
follows:  The  ore  can  be  extracted  at  once;  while  the  stope  is  new,  the  miner 
is  protected  from  the  roof  by  stulls  and  stagings;  the  loss  of  fine  and  valuable 
xxuneral  is  reduced,  owing  to  the  opportunity  for  sorting  afforded  during  the 
li&ndling  of  the  broken  ore. 

The  aUadvantaaes  are  as  follows:  The  manner  in  which  the  ore  must  be 
bandied  is  expensive;  an  individual  pumping  plant  will  be  necessary  in  each 
stope  of  a  wet  mine  with  the  regular  system;  should  the  mine  be  abandoned 
for  any  length  of  time,  the  stulls  become  loose  and  allow  the  rock  stowed 
\xpon  them  to  foil  on  the  face  of  the  ore,  rendering  the  mine  unsafe,  and 
trtirying  the  ore  so  as  to  require  a  large  expenditure  of  time  and  money  to 
reopen  the  workings;  in  a  wet  stope,  the  water  flows  down  over  the  working 
faces,  interfering  with  the  workmen  and  forcing  them  to  stand  continually 
in  water. 

Overhand  Stoping.— In  this  system  of  stoping,  the  ore  is  broken  down  ft<om 
above  as  the  work  progresses.  Work  is  usually  started  ftx)m  the  bottom  of  a 
raise,  as  B,  Fig.  34.  After  the  lower  level  A  has  been  driven,  the  miner 
stands  on  top  of  the  lagging  over  the  caps  and  works  out  a  slice  C  6  or  6  ft. 
high,  this  being  followed  by  succeeding  slices,  as  D  and  E,  Chutes  are 
timbered  or  cribbed  at  intervals,  through  which  the  material  may  be  thrown 
down  and  any  waste  packed  in  the  space  between  the  chutes,  as  at  F.  In 
cases  where  the  entire  deposit  is  of  value,  a  portion  of  the  broken  ore  is 
allowed  to  accumulate  as  a  platform  upon  which  the  men  stand  while 


Fig.  34. 

working,  only  enough  being  sent  through  the  chutes  to  provide  working 
room.  After  overhand  stopng  is  started,  the  work  may  be  carried  on  by 
means  of  breast  holes,  as  shown  at  E.  The  force  of  gravity  assists  in  break- 
ing the  rock,  and  reduces  the  powder  necessary  for  blasting. 

Where  rich  ore  is  broken,  platforms  of  planks,  or  sheets  of  canvas  or  bull 
hide  covered  with  plank,  may  be  placed  over  the  tilling  to  receive  the  broken 
ore,  thus  preventiuff  the  loss  of  fine  and  valuable  material  in  the  filling. 
One  argument  whicn  is  usually  presented  a^nst  overhand  stoping  is  that 
the  roof  is  not  secured  by  timbering,  but  this  is  oflfeet  by  the  fact  that  the 
workmen  are  always  close  to  the  roof  and  thus  examine  its  condition  and 
break  off  any  dangerous  portions  or  give  them  such  support  as  may  be 
needed  with  temporary  timbers. 

Overhand  stoping  may  be  carried  on  in  a  number  of  modified  forms,  all  of 
which  involve  the  principle  of  breaking  down  the  material  in  such  a  manner 
that  the  work  is  aided  by  gravitation.  Sometimes,  where  practically  the 
entire  deposit  is  removed,  temporary  platforms  supported  on  stulls  are  con- 
structed close  to  the  working  race  for  the  workmen. 

The  cuivantaff€8  of  overhand  stoping  are  that  no  hoisting  or  pumping  is 
required  in  the  block  of  ore  being  worked,  as  with  underhand  stoping  with- 
out a  winze;  water  gives  no  troume  in  the  stones;  less  timbering  is  required 
than  in  the  underhand  stoping,  because  no  platforms  are  required  to  store 
waste,  and  the  timbering  in  working  stagings  is  usually  recovered;  where 
the  mine  is  abandoned  for  a  time,  the  working  face  is  usually  left  in  better 
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shape  with  overhand  than  with  underhand  stoping.  In  the  oyerhand  i 
gravity  assists  in  the  breaking  of  the  ore. 

The  disadvantaaes  are  that  the  miner  is  forced  to  work  under  an  un 
ported  roof,  though  the  fiict  that  he  is  close  to  it  enables  him  to  ezaminel 
and  take  care  of  any  dangerous  portions.    There  may  be  ereater  loss  of  ti 
fine  and  valuable  material  that  becomes  mixed  with  tne  waste  than 
underhand  stoping,  though  this  may  be  largely  prevented  by  the  use  < 
boards  or  canvas. 

Flat  or  Sliglitly  Inolinttd  Deposits.— Where  flat  or  slightly  inclined  ore  bodie* 
are  being  worked,  the  working  drifts  (correspondine:  to  levels  in  steepef 
deposits)  are  driven  comparatively  close  together  (about  80  ft.  apart)  and 
the  material  between  them  removed  in  successive  steps,  as  in  underhand  or 
overhand  stoping,  the  space  behind  the  miner  beins^  packed  with  waste  mate- 
rial to  support  the  roof,  or  the  roof  being  supported  oy  timbering  until  the  ore 
is  removed.  <  Sometimes  pillars  of  ore  nave  to  be  left  to  aid  in  the  support 
of  the  roof,  and  when  this  is  the  case,  the  miners  try  to  leave  the  piUars 
where  the  ore  is  low  grade.  When  a  deposit  of  ore  is  of  uniform  value 
throughout,  and.  the  roof  of  a  somewhat  flexible  character,  it  may  be  let 
down  without  much,  if  any,  stowing,  as  in  the  longwall  system  of  coal 
mining.  In  other  cases,  the  material  is  removed  like  square  work  or  by  pillars 
and  rooms,  tbe  pillars  in  either  case  being  robbed  as  closely  as  possible 
before  lea^dng  the  workings. 

LARQk    DEPOSITS  OVER   •   FEET  THICK. 

With  a  deposit  much  over  8  ft.  in  thickness,  it  is  imponible  to  keep  the 
t      '    '   <  walls  in  place  by  stulls  or  sing:Ie  sticks 

of  timber.     Large  masses  oTiQineral 

frequently  contain  very  valuab* 

terial,  and  engineers  have  de 
a  number  of  methods  for  the  i 
of  tbeir  valuable  contentatdrj 
method  depends  largely  on  j" 
per  ton  of  the  material  beinj  ' 

H  and  local  conditions  as  to  1 

labor, .  timber,  filling  mateflai«^ j 
acter  of  wall  rock,  etc.  The  mi 
used  for  these  deposits  are  9qwar€  ■in*. 
JUUng,  caving,  and  square-wa  HmHtmktg 
systems. 

Squire  work,  also  called  the  dUm- 
ber-and-pillar  system,  is  illustrated  in 
Fig.  35.  Galleries  are  driven  through 
the  ore  as  shown,  the  deeper  gallenes 
being  smaller  than  the  upper  ones, 
the  object  being  to  leave  larg^er  pillars 
for  the  support  of  the  material  above 
the  workings.  Galleries  are  then 
driven  at  right  angles  to  these,  to  leave 
square  pillars,  as  shown.  When  this 
system  is  applied  to  a  bed  that  is  only 
30  or  40  ft.  thick,  from  three-fourths  to 
eigh^ninths  of  all  the  material  in  the 
deposit  can  be  removed,  the  remainder 
being  left  as  pillars;  but  where  it  be- 
comes necessary  to  leave  floors  be- 
tween the  succeedine  levels,  as  shown 
in  (6),  Fig.  35,  scarcely  one-half  of  the 
deposit  can  be  removed,  even  when  it 
is  of  such  a  firm  nature  that  the  nl- 
leries  can  be  driven  consider^)!/ 
wider  than  the  thickness  of  the  pil- 
lars. This  system  of  mining  is  applied 
to  the  removal  of  salt,  gypsum,  build- 
ing stone,  and  various  low-grade  ores, 
and  is  very  similar  to  the  room-and- 
pillar  system  (see  page  280). 

The  advantages  are  that  it  requires  no  timbering,  and  that,  owing  to  the 
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&rser  size  of  the  chambers,  the  material  can  be  removed  at  a  low  cost  per 
on.  The  dUadvantage^  are  that  a  large  portion  of  the  deposit  has  to  be  left 
intouched.  and  that  where  the  formation  being  mined  is  at  all  soft,  it  is  not 
&fe  to  work  these  large  chambers. 

Filling  Methods.—Sometimes  a  filling  of  worthless  material  is  substituted 
'or  the  worked-out  ore.  This  system  may  be  carried  on  by  any  one  of  a 
lumber  of  different  plans. 

Slicing  Method.— In  some  cases,  comparatively  small  drifts  or  chambers 
'from  6  ft.  X  6  ft.  to  10  ft.  X 10  ft.)  are  driven  through  the  ore  across  the 
leposit,  and  then  tightly  packed  with  broken  rock,  after  which  other  drifts 
>r  chambers  are  driven  beside  the  first  ones  and  also  packed  or  filled.  This 
process  is  continued  until  a  slice  has  been  removed  from  under  the  entire 
leposit.  The  process  is  then  repeated  on  top  of  the  filling,  taking  out  suc- 
cessive chambers  and  filling  them,  until  another  slice  has  been  removed. 
Tills  method  has  been  used  in  the  copper  mines  of  Spain,  and  has  also  been 
tried  at  some  mines  in  the  United  States  with  varying  degrees  of  success, 


Fig.  36. 


Fig.  37. 


depending  principally  on  the  cost  of  the  stowing  material  compared  with 
the  value  per  ton  of  the  deposit  being  removed.  In  this  process,  the  filling 
material  should  be  comjwsed  entirely  of  large  pieces,  so  that  it  can  be 
packed  closely. 

Transverse  Rooming  With  Filling.— In  other  cases,  a  filling  system  is  used 
in  which  rooms  or  chambers  are  driven  across  the  deposit  and  then  con- 
tinued upwards  by  overhand  stoping,  the  ore  being  thrown  to  a  lower  level 
through  a  chute  cribbed  up  as  the  work  progresses,  and  the  excavated 
spac€^  filled  up  with  broken  rock  brought  down  through  a  chute  from  above, 
as  shown  in  Fig.  36.  After  the  rooms  are  worked  out  between  two  levels, 
the  pillars  are  removed  in  the  same  manner. 

Longitudinil  Beck  Stoping  With  Filling.— In  this  case,  the  deposit  is  worked  as 
a  series  of  overhand  stopes,  Fig.  37,  the  space  below  the  workmen  being  filled 
with  broken  rock  a  brought  down  through  raises  h  from  above,  the  ore  being 
thrown  to  a  level  c,  which  has  been  timbered  through  the  filling  material  on 
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the  first  or  lower  floor  of  the  stope.    This  method  has  been  very  sacc 
applied  to  some  of  the  large  iron  mines  of  the  Lake  Sui>erior  regrion  of  i 
United  States. 

The  tilling  material  used  in  any  one  of  the  various  filling  methods  may^l 
obtained  at  the  surface,  may  be  partially  or  wholly  obtained  ftt>ni  the  wtiflii 
rock  associated  with  the  vein  material  and  troia  drifts  or  passages  that  litLWm 
to  be  driven  in  barren  ground,  or  it  may  be  obtained  by  driving  drifts  into 
the  hanging  wall,  and  opening  chambers  there,  from  which  the  waste  may 
be  obtained.    (See  also  Flushing  of  Culm,  page  314. ) 

Caving  Methods.— The  longwiul  method  of  mining  coal  is  really  a  caving 
system,  but  where  this  system  is  applied  to  the  mining  of  large  masses,  s 
becomes  necessary  to  introduce  some  special  features.  There  are  two 
general  systems  in  use,  caving  a  back  of  ore  and  caving  the  gob  or  waste  only. 

Caving  a  Baoi(  of  Ore.— In  this  system,  drifts  or  levels  are  run  througrh  the 
ore  a  few  feet  below  the  top  of  the  deposit,  as  though  the  material  above  were 
to  be  removed  by  overhand  stoping,  but  in  place  of  breaking  the  materfsl 
down,  it  is  allowed  to  cave  by  g^vity.  When  a  back  of  ore  is  thick  (20  ft. 
or  more),  the  entire  stope  is  sometimes  allowed  to  cave  ftiU  and  then  the 
broken  ore  removed  by  driving  heavily  timbered  drifts  through  to  the 
farther  side  and  drawing  the  crushed  material  into  the  face  of  the  drift 
when  the  overlying  worthless  material  appears,  op- 
erations are  continued  by  removing  the  last  set  m 
the  drift  and  drawing  the  ore  from  nearer  the  shaft. 
This  method  is  continued  until  practically  all  the 
broken  ore  has  been  removed,  where  the  back  of 
the  ore  is  comparatively  thin  (less  than  20  ft.),  the 
caving  is  usually  accomplished  at  the  face  of  the 
drift  only,  the  drift  being  driven  a  short  distance 
beyond  the  timbering  without  support.  The  ore 
above  this  unsupported  portion  will  cave  in  and  can 
be  removed,  when  the  waste  rock  and  old  timber 
from  above  appear,  the  operator  retreats,  removing 
one  set  of  timber  from  the  drift,  caving  and  remov- 
ing the  ore  over  It.  In  this 
manner,  operations  are  contin- 
ued until  all  the  ore  over  the 
drift  or  stope  has  been  caved, 
when  another  drift  or  stope  is 
driven  beside  the  first  and  the 
ore  over  it  caved.  In  this 
method,  blasting  has  to  be  re- 
sorted to  only  in  driving  the 
drifts,  flrom  one-half  to  three- 
fourths  of  the  ore  being  obtained 
without  the  use  of  powder. 

The  advantages  of  this  system 
are  that  little  blasting^  is  re- 
quired; practically  the  entire 
deposit  is  recovered;  the  mining 
cost  per  ton  is  very  low. 
Fig-  38.  ,The  disadvantages  are  that 

the  ore  is  liable  to  become 
mixed  with  more  or  less  dirt,  which  caves  down  with  It;  only  one  level  of  the 
mine  can  be  operated  at  a  time,  and  the  surface  of  the  ground  is  allowed  to 
cave  into  the  openings,  thus  rendering  it  unfit  for  ordinary  surface  uses. 

Caving  the  Waste  Only.— In  this  system.  Fig.  38,  drifts  A  and  galleries  B 
are  driven  through  the  top  of  the  ore  body  immediately  under  the  waste 
rock.  After  one  of  these  drifts  or  galleries  is  completed,  the  floor  is  covered 
with  a  lagging  of  plank  or  poles,  and  the  waste  material  allowed  to  cave  on 
to  this  platform.  Subsequently,  other  drifts  are  driven  beside  the  first  one, 
the  floor  covered  with  lagging,  and  the  waste  allowed  to  cave.  This  process 
is  continued  until  a  slice  has  been  removed  over  the  entire  surface  of  the 
ore  deposit,  when  more  drifts  are  driven  lower  down  and  another  slice 
removed.  After  the  first  slice  has  been  removed,  the  broken  or  waste  mate- 
rial is  supported  on  the  lagging  laid  on  the  floors  of  the  first  drifts,  and  hence 
the  miners  have  only  to  support  this  lagging  in  order  to  support  the  waste. 
The  caving  of  any  individual  drift  crushes  the  ore  on  either  side  to  a  con- 
siderable extent,  thus  materially  reducing  the  blasting  expense. 
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_  The  advantages  of  this  system  are  that  the  entire  deposit  Is  recovered; 
Ixttle  blasting  is  required;  the  ore  obtained  is  clean;  the  mining  expense  is 
oomparativeTy  low  per  ton. 

^  The  disadvantages  are  that  only  one  level  of  a  mine  can  be  producing  at  a 
rune;  the  surface  is  allowed  to  cave,  thus  rendering  it  unfit  for  surface  uses. 


SQUARE-SET  SYSTEM. 

Frequently,  large  masses  of  material  are  encountered,  which  it  is  neces- 
sary to  remove,  and  at  the  same  time  support  the  surrounding  material. 
-At  times,  it  is  not  desirable  to  fill  the 
stope  while  the  ore  is  being  removed, 
and,  at  the  same  time,  it  islmpossible 
to  support  the  walls  by  single  sticks 
or  stalls.  To  overcome  these  diffi- 
culties, the  square-set  system  has  been 
evolved,  which  consists  in  the  sup- 
porting^ of  the  walls  by  means  of  a 
series  of  square  fhuues,  ftom  6  to  9  ft. 
square,  which  are  placed  in  position 
as  fJEist  as  the  ore  is  removed.  The  use 
of  these  frames  reduces  the  length  of 
the  individual  sticks,  and  so  produces 
a  firm  structure.  The  timbers  may 
be  square-sawed  material  or  round 
logs.  If  the  walls  are  soft,  the  sides 
and  top  may  require  lagging,  and  if 
the  floor  is  soft  or  composed  of  ore, 
sills  will  be  necessary  under  the  posts. 
The  mining  is  carried  on  by  overhand- 
stoping  system,  removing  one  hlock  at 
a  time  and  replacing  it  with  the  square 
set.  Fig.  89  represents  a  stope,  the 
walls  and  roof  of  which  are  supported 
by  square  sets  that  are  lagged  from  the  outside.  In  this  case,  the  square 
sets  are  made  fh)m  round  amber. 


Fig.  39. 


IRREGULAR  DEPOSITS. 

Coyoting,  or  Gophering.— Bodies  of  valuable  material  frequently  occur  that 
cannot  be  mined  by  any  regular  system.  These  are  recovered  by  simply 
following  the  ore  throughout  its  irregularities  and  removing  it  with  the  use 
of  as  little  supporting  timber  or  other  material  as  possible.  Owing  to  the 
crooked  and  irregular  passages  that  occur  in  such  mines,  the  work  has  been 
called  coyoUng,  or  gophering.  Sometimes  regular  levels  are  driven  at  stated 
intervals,  and  the  coyoting,  or  gophering,  carried  on  from  them.  Many  of 
the  small  gold  and  silver  mines  of  the  West,  the  mines  of  Mexico  and  South 
America,  and  the  Missouri  lead  and  zinc  deposits  are  worked  by  this  system, 
the  object  being  to  remove  as  much  of  the  ore  as  possible  without  the  use  of 
timbering  or  the  driving  of  unnecessary  passages. 

Probably  one  of  the  best  examples  of  working  irregular  deposits  is  the 
mining  practice  tn  the  Joplin  zinc  district,  Missouri.  The  deposits  of  zinc 
blende  are  irregularly  distributed  through  a  limestone  rock,  and  the  mining 
is  carried  on  in  a  very  crude  and  irregular  fashion. 

After  an  ore  body  nas  been  found  by  drilling,  a  shaft  6  ft.  X  5  ft.  to  6  ft.  X 
9  ft.  in  the  clear  is  sunk  by  the  contractor,  the  price  being  94  per  foot  for  soft 
and  99  per  foot  for  hard  ground  for  the  first  50  to  80  ft.,  the  contractor  doing 
all  the  work  in  sinking  and  timbering.  Through  the  soft  ground,  the  shaft  is 
timbered  by  4"  round  poles  or  by  t'  X  4"  or  2"  x  6"  timbers  laid  flatwise, 
skin  to  skin.  The  mines  are  divided  into  four  kinds.  (1)  Very  hard  mines 
that  require  all  the  ore  to  be  drilled  with  air  drills  and  blasted  out,  and 
require  no  timbering.  (2)  Mines  that  are  hard  but  have  open  crevices 
between  the  strata  where  a  hand  drill  can  be  driven  and  a  charge  of  dyna- 
mite lodged  and  exploded,  throwing  down  a  large  amount  of  dirt  and  so 
jarring  tne  surrounding  ground  that  it  may  be  easily  cut  down  with  the 
miner^s  pick.  This  kind  of  ground  needs  no  timber.  (3)  Mines  that  are 
pioderately  soft  and  where  the  miner  can  place  a  blast  anywhere  by  driving 
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a  spud,  throwing  down  a  large  amount  of  ore.  The  drifts  are 
10  ft.  X 12  ft.  in  the  clear,  and  are  cut  ahead  fh>m  6  to  10  ft.  before  putu 
in  the  sets  of  timber  and  laggings  to  hold  the  roof.  (4)  Mines  that  axe  yei 
soft  and  where  a  drift  cannot  be  carried  over  8  ft.  X  10  ft.  in  size,  where  H 
getting  of  the  ore  is  all  performed  by  pick  and  shovel,  and  where  it  is  neoc 
sary  to  timber  close  and  drive  spiling  overhead  as  well  as  along  tlie  sid 
and  to  resort  to  mud -sills  in  the  noor  of  the  drift. 

When  the  shaft  reaches  the  ore  and  the  drift  is  extended  for  some  dia 
tance  to  prove  the  ore  body,  underhand  stoping  is  used  and  15'  hold 
are  drilled  by  hand  in  the  bottom.  A  charge  of  50  lb.  of  40 ;(  dynamite  lilts  a 
stoi)e  10  ft.  X 10  ft.  The  cost  of  75  tons  of  ore,  hoisting  it  and  dumping  it  oi 
the  mUl  platform  during  a  shift  of  9  hours  in  the  two  classes  of  hard  xnin«f 
mentioned,  is,  according  to  Mr.  E.  Hedburg,  as  follows: 

1  ground  boss S  2.50 

2  miners  at  $2.00 4-00 

2  miners  at  $1.75 3.50 

2  shovelers  at  $1.75 3.60 

1  holster 1.75 

1  engineer,  who  also  sharpens  picks  and  drills 2.25 

1  engineer  1.50 

Dynamite 6.00 

Fuel 2.50 

Oil  and  supplies 2.50 

Superintendent  3.50 

,   Total  933.40 

Or  44.5  cents  per  ton  of  rough  ore;  this  includes  pumping  the  mine. 

In  very  soft  ground,  a  drift  8  ft.  to  10  ft.  high  is  driven,  a  spiling:  put  in 
the  top  and  sides.  When  one  level  is  worked  out,  the  whole  drift  is  then 
caved  ftom  the  surface  and  allowed  to  settle  down  on  the  floor  of  timbers. 
The  cost  of  mining;  in  soft  ground  is  about  the  same  as  in  hard  ore,  as  the 
saving  of  labor  and  dynamite  is  expended  in  timber  and  time.  A  typical 
primitive  mining  plant  in.  this  region,  which  has  a  shaft  150  ft.  deep,  with 
pump,  hoisting  engines,  and  boilers,  and  including  hand  jigs,  screens,  and 
tools,  costs  from  $2,000  to  $3,000;  more  modern  plants  are  however  now 
being  erected,  costing  $8,000  to  $10,000. 


SPECIAL  METHODS. 

Frozen  Ground.— When  the  material  of  placer  deposits  is  frozen,  as  in 
Alaska  and  Siberia,  it  is  mined  by  building  a  fire  on  the  surface,  which 
thaws  the  earth  to  a  depth  of  ftom  1  ft.  to  14  in.  The  embers  are  then 
scraped  away  and  the  thawed  material  removed.  By  repeating  this 
operation,  a  shaft  can  be  sunk,  and  then,  by  building  a  fire  against  one  side, 
a  drift  can  be  started  and  continued  by  thawing  the  face,  1  ft.  at  a  time. 
It  has  been  found  that  1  ft.  of  timber  piled  against  the  face  of  a  drift  will 
thaw  to  a  depth  of  about  1  ft.,  but  that  14  in.  is  practically  the  Tna-gjTnnTn 
depth  to  which  any  ordinary  fire  will  thaw  the  material.  The  openings 
have  to  be  securely,  but  not  heavily,  timbered. 

Losohing  Methods.— Salt,  copper,  and  sulphur  have  been  mined  by  leaching 
methods.  In  the  case  of  salt,  a  hole  is  drilled  into  the  salt  formation,  water 
allowed  to  flow  down  and  dissolve  the  salt,  and  is  then  pumped  out  as  a  con- 
centrated brine.  For  excavating  upward  in  salt,  a  jet  of  water  is  made  to 
play  upon  the  roof  of  the  level  to  be  raised,  and  the  resulting  brine  is  carried 
off  in  launders. 

When  old  workings  containing  the  sulphides  of  copper  are  left  exposed 
to  tile  action  of  air  and  to  percolating  waters,  part  of  the  copper  is  converted 
into  soluble  sulphate.  Water  i>umped  from  such  mines  may  be  a  profitable 
source  of  the  metal,  for  by  passing  It  over  iron  bars  or  scrap  iron  the  copper 
will  be  separated  and  deposited  as  cement  copper  in  the  bottom  of^the 
vessel  containing  the  iron. 

In  the  case  of  sulphur,  superheated  steam  is  forced  down  to  melt  the 
sulphur,  which  is  then  pumped  out. 


LEHIQH  REGION. 
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Tlie  following  costs  include  only  labor  and  supplies,  and  do  not  include, 
in  general,  improvements,  royalties,  taxes,  and  otner  similar  fixed  charges 
Lhat  are  independent  of  the  method  of  mining. 


LEHIGH   REGION   (PENNA.). 

Tbe  costs  for  the  Lehigh  region,  though  based  on  the  results  of  a  single 
company,  are  believed  to  be  very  fkirlv  representative  of  the  entire  region. 
Tliey  are  the  mean  costs  of  two  collieries  where  about  2,000  men  were 
emmoyed  inside  and  outside,  and  apply  to  the  year  1897,  when  the  con- 
dition at  all  anthracite  mines  was  very  unfavorable  to  economical  working, 
as  the  mines  were  then  working  on  very  short  time. 

The  tonnage  at  these  collieries  for  the  year  was  as  follows: 
January,  29,775.04  May,  34,090.02  September,  27,406.94  ^ 
February,  30,872.97     June,      35,761.89     October,       56,710.04  f  Total. 

March,       42,827.04     July,       44,409.13     November,  48,177.94  f      463,672.08. 
April,  38,553.08     August,  37,500.97     December,  37,587.02  J 

The  following  tables  show  the  distribution  of  this  output  by  sizes  during 
the  year,  and  the  costs  per  ton  itemized  under  the  several  headings  given: 

Percentages  of  Different  Sizes. 


Month. 


Lump. 

Broken. 

10.56 

23.59 

12.34 

22.54 

11.85 

19.26 

12.81 

19.21 

13.81 

19.11 

15.29 

18.60 

14.26 

19.89 

13.56 

20.26 

12.31 

20.41 

12.21 

18.01 

11.40 

18.53 

10.78 

19.56 

12.58 

19.71 

18.27 
18.11 
18.81 
18.35 
18.35 
17.73 
17.41 
18.10 
18.27 
19.15 
19.78 
20.09 
18.59 


Stove. 

Chestnut. 

18.69 

14.21 

17.98 

14.50 

19.69 

13.18 

19.48 

11.14 

19.01 

11.32 

19.08 

11.23 

18.30 

11.25 

17.72 

11.49 

18.28 

11.61 

18.89 

12.28 

19.79 

12.01 

20.82 

12.07 

18.99 

12.15 

Pea. 


14.68 
14.58 
17.21 
19.01 
18.40 
18.07 
18.89 
18.87 
19.12 
19.46 
18.49 
17.18 
17.98 


Costs  of  Mining  and  Preparation. 


Outside. 

1 

Inside. 

Month. 

Total 

Credits. 
.100 

Net  Cost 

Lkbor. 

Supplier. 

Total. 

Labor. 

Bapplies. 

ToUl. 
1.147 

Cost. 
1.595 

January... 

.300 

.109 

.409 

.951 

.196 

1.495 

February.. 

.297 

.085 

.382 

.909 

.190 

1.099 

1.519 

.063 

1.456 

March 

.243 

.047 

.290 

.844 

.151 

.995 

1.311 

.088 

1.223 

April  

May 

.242 

.071 

.313 

.822 

.137 

.959 

1.303 

.075 

1.228 

.251 

.100 

.351 

.852 

.166 

1.018 

1.397 

.103 

1.294 

June 

.300 

.079 

.379 

.500 

.203 

.703 

1.576 

.103 

1.473 

July 

.240 

.063 

.303 

.487 

.162 

.649 

1.485 

.084 

1.401 

August .... 

.248 

.095 

.343 

.709 

.182 

.891 

1.579 

.085 

1.494 

September 

.278 

.096 

.374 

.682 

.158 

.840 

1.588 

.054 

1.534 

Octol)er.... 

.228 

.093 

.321 

.721 

.129 

.850 

1.580 

.072 

1.508 

November 

.247 

.093 

.340 

.806 

.210 

1.016 

1.846 

.091 

1.755 

December. 

.290 

.061 

.351 

.833 

.220 

1.053 

1.883 

.090 

1.793 

Year  

.271 

.092 

.363 

1.109 

.162 

1.271 

1.634 

.088 

1.546 

COSTS  OF  MINING  ANTHRACITE. 


Cost  pee  Ton  of  Supplies  Used  Inside. 


Distribution. 


I  Jan. 


Oils 

Powder 

Lumber. 

Props 

Feed  

Mules  killed,  etc.. 
T  rails,  ftogs,  etc.. 

Wire  ropes 

General  supplies 


Total  general  supplies 


.010 
.036 
.007 
.040 
.039 
.010 
.005 

.019 

.166 


Feb.  I  Mar. 


.011 
.090 
.025 
.027 
.018 
.005 
.012 
.018 
.021 

.167 


.007 
.031 
.011 
.021 
.019 
.014 
.007 
.016 
.014 

.140 


Apr. 


.010 
.026 
.004 
.015 
.017 
.019 
.009 

.009 


May. 


.007 
.030 
.002 
.022 
.023 
.013 
.018 

.018 


.109 


.133 


Jun.  Jul 


.009 
.032  I 
.008  1 
.027  I  .Oli 
.022  1 
.009  I  .0151 
.010  OlOj 
.025  .0131 
.021    .0133 


.163 


.1341 


Pumping  machinery  

Hoisting  machinery   

Ventilating  machinery  . 

Boilers 

Mine  cars 

Engines 


Total  repairs 


.009 


.021 


.005 


.018 


.004 


.007 


.012 


.016 


.017 


.023 


.017 


.030 


.023 


.011 


.040 


.028 


Total  cost  inside 

Credits  

Net  cost  inside  .... 


.196 
.100 
.096 


.190 
.063 
.127 


.151  .137 
.088  .075 
.063     .062 


.166 
.103 
.063 


.203 

.103 
.100 


.162 
.OM 

.078 


Cost  per  Ton  of  Supplies  Used  Outside. 


Distribution. 


Oils 

Lumber 

Mules  kiiied,  etc. . 
T  rails,  frogs,  etc.  . 

Wire  ropes   

General  supplies  . 


Jan. 


Total  general  supplies.. 


.010 
.022 
.008 


.020 
.060 


Feb. 


.008 
.025 
.004 


.021 
.058 


Mar. 

.007 
.003 
.005 

.001 

.015 


Apr.  I  May. 


.006 
.016 
.004 

.003 

.008 

.037 


.009 
.015 
.005 

.004 


Jun.  Jul. 


.009 
.005 
.005 


.008 
.012 
.006 

.002 


.005 

I 
.040  I  .016  I  .019 

.073  I  .040    .047 


Pumping  machinery  .... 
Hoisting  machinery 
Ventilating  machinery 

Breaker  machi  ner>' 

Boilers  

Breaker 

Tracks  and  sidings  

Miscellaneous 


.001 
.008 

.028 
.006 
.006 


Totalrepairs  049 


.002 

.012 
.005 
.008 


.027 


.001  I  .001 

.008  .014 
.002  .013 
.005  I  .006 


.003 

.017 
.001 
.005 
.001 


I 


.016 


.034 


.027 


.008 
.003 
.011 
.011 
.006 


.001 

.008 
.006 
.002 


.016 


Total  cost  outside 

Credits  

Net  cost  outside .... 


.109 
!  .109 


.085 
.085 


.047 
.047 


.071 
.071 


.100 
.100 


.079'  .063 
.079'  .063 


In  the  two  tables  above  and  the  one  following,  the  figures  were  available 
for  seven  months  of  the  year  only,  but  an  average  for  these  months  gives  a 
fair  average  for  the  year. 


WYOMING  REGION. 
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iTEMizxD  Cost  of  Outside  Labor. 


DccupatioQs. 


foreman  and  msaiatMiU 

:?  l«rks,  ahipper  and  aapply I 

:<.«>i8ting  engineer* 

F*  amp  and  fan  engineers 

LvOotMnotire  engineer!  and  helpers  , 

^ixemen  and  ashmen | 

S-t;«blemen 

Wmtchmen { 


Total  mUedlaneov* .. 


.OlS 
.004 
.009 
.003 
.014 
.078 
.006 
.007 


.012 
.004 
.0S2 
.008 
.014 
.071 
.006 
.006 


March.  I  April- 


.018 
.OOS 
.011 
.066 


.006 
.OOS 
.031 
.OOS 


.002 
.019 
.003 
.011 
.066 
.004 
.006 


.003 
.013. 


.006 
.006 


July. 

.008 
.008 
.OU 

•Oil 
.067 
.003 

.004 


Fopmen  and  footmen 

Top  drlren  and  oilers 

Dampmen 

Pl«tfonn  and  docking  boss .. 

Cbnte  bosses 

Slate  pickers 

C»r  loaders 

Breaker  engineer 

Dirt  and  plane  engioeer 

Rook  and  dirt  men 

Q«neral  laborers 


Total  breaker .. 


Pumping  machinerj 

¥Loisting  machinery 

Ventilating  machinery ., 

Breaker  machinery 

Boilers 

Breakers 

Tracks  and  sldinga 

Miscellaneous 


Tbtai  rtpaira... 


Total  cost  oataide  labor.., 


.004 
.007 
.002 
.014 
.006 
.059 
.007 
.008 
.007 
.007 
.012 


.007 
.003 
.013 
.006 
.063 
.007 
.003 
.001 
.009 
.013 


.002 
.006 
.002 
.013 
.006 
.058 
.007 
.008 
.001 
.009 


.008 
.018 
.006 
.063 
.006 
.008 
.001 


.003 
.007 
.002 
.018 
.005 
.048 
.006 
.008 
.001 
.004 
.010 


.004 
.008 
.003 
.018 
.004 
.066 
.008 
.001 
.001 
.005 
.022 


.007 
.008 
.012 
.006 
.057 
.008 
.002 
.001 
.005 
.012 


.001 
.010 

.005 
.004 
.007 
.006 
.004 


.001 
.005 


.009 
.007 
.001 


.004 
.001 
.007 
.007 


.005 
.009 


.011 
.007 


.009 
.003 
.008 
.006 
.019 
.008 


.002 
.002 
.006 
.007 
.002 


.081 
.897 


.046 
.800 


WYOMING    REGION    (PBNNA.). 

The  following  tables  of  costs  for  the  Wyoming  region  give  mean  results 
from  a  number  of  different  collieries  which  are  quite  widely  separated 
in  location  and  at  which  the  conditions  of  working  are  so  different  that 
the  mean  results  given  are  thought  to  represent  average  results  for  the 
entire  region.  They  also  apply,  approximately,  to  the  Lackawanna  Valley, 
where  the  general  conditions  are  the  same,  luthough  the  seams  are  much 
nearer  the  surface  than  in  the  Wyoming  region,  and  the  amount  of  gas 
present  in  the  coal  is  much  less.  These  same  figures  are  probably  also  fairly 
representative  of  the  Schuylkill  and  Shamokin  fields. 

The  collieries  for  which  the  following  figures  are  averages  are  all  operated 
through  shafts,  varying  in  depth  flrom  350  to  1,100  ft.,  and  many  of  the  mines 
are  extremely  gaseous.  The  number  includes  several  entirely  new  and 
modern  surfSEice  and  underground  plants,  and  the  others,  though  not  new, 
have  been  overhauled  and  modernized  as  much  as  possible.  At  these 
collieries  10,000  men  were  employed  during  the  year  1895,  for  which  the 
data  are  given,  and  during  the  same  year  the  output  was  1,862,144  tons, 
distributed  during  the  year  as  follows: 


Month. 


January. 
February 
March., 


Ton-  I  >*M 
nage.  |  g  g 


107,952  I  7.94 
98,109  (  7.37 
141,991  I   9.95 


April i  136,375  |  9.69 


Month. 


May 

June 

July 

August .. 


Ton- 
nage. 


179,752 
164,062 
145,445 
177,241 


^1 


12.84 
11.92 
10.59 
12.96 


Month. 


Ton- 
nage. 


161,213 
198.161 
228,433 
123,406 


00  © 

Q5 


11.52 
13.90 
17.15 
8.87 
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COSTS  OF  MINING  ANTHRACITE. 


Percentages  of  Different  Sizes. 


January  .. 
February  .. 

March   

April 

May   

June  

July   

August 

September 

October 

November 
December.. 
Year   


Lump. 

Steamer. 

Broken. 

Kgg. 

Stove. 

Chestnut. 

8.21 

.02 

17.53 

20.31 

21.46 

18.04 

8.29 

.12 

17.75 

20.41 

20.85 

.17.44 

6.20 

.55 

17.64 

20.04 

20.65 

18.00 

7.01 

.38 

16.76 

20.17 

20.92 

18.12 

4.79 

.27 

18.63 

20.33 

21.42 

18.23 

3.29 

.21 

22.43 

19.72 

20.21 

18.57 

7.84 

.42 

19.42 

19.54 

19.46 

18.58 

5.05 

.67 

19.84 

20.69 

18.92 

18.62 

4.25 

.27 

18.81 

21.98 

19.98 

19.32 

4.72 

.01 

16.77 

22.00 

21.27 

19.88 

2.69 

.16 

15.56 

22.42 

22.66 

20.71 

4.40 

.57 

14.03 

22.62 

21.27 

21.41 

5.23 

.29 

17.96 

20.95 

20.80 

19.03 

Costs  of  Mining  and  Preparation  per  Ton. 


Outside. 


Months. 


January  ... 
February- 
March  

April 

May  

June 

July  

August 

September 
October  ... 
November 
December 
Year 


.376 
.297 
.305 
.270 
.290 
.309 
.286 
.284 
.267 
.262 
.344 
.297 


.042 
.042 
.031 
.034 
.022 
.032 
.046 


.029 
.045 
.034 


£ 


.014 
.014 
.010 
.023 
.011 
.011 
.019 
.017 
.012 
.013 
.010 
.018 
.014 


.419 
.432 
.338 
.362 
.303 
.333 
.374 


.316 
.301 
.407 
.345 


Inside. 


00 


.249 
.273 
.182 
.203 
.164 
.206 
.266 
.194 
.201 
.188 
.214 
.307 
.214 


.028 
.030 
.022 
.020 
.015 
.018 
.033 
.026 
.024 
.020 
.018 
.028 
.023 


1.211 
1.250 
1.076 
1.093 
1.018 
1.098 
1.178 
1.093 
1.115 
1.064 
1.092 
1.289 
1.118 


1.630 
1.682 
1.414 
1.455 
1.321 
1.431 
1.552 
1.426 
1.450 
1.380 
1.393 
1.696 
1.463 


.12( 
.104 
.096 
.lOS 
.101 
.105 
.09€ 
.102 
.105 
.100 
.104 
.120 
.104 


Coal  Production  of  United  States. 


Year. 

Bituminous. 

Anthracite. 

Tons  of  2,000  Lb. 

Value. 

Tons  of  2,240  Lb. 

Vah 

1890 
1895 
1897 
1898 
1899 

111,302,322 
135,118,193 
147,609,985 
166,592,023 
193,321,987 

$110,420,801 
115,779,771 
119,567,224 
132,586,313 
167,935,304 

46,468,641 
57,999,937 
52,611,680 
53,382,644 
53,944,647 

$66,383 
82,019 
79,301 
75,414 
88,142 

PRICES   OF   COAL. 

The  table  on  page  327,  given  by  the  U.  S.  Geological  Survey,  will  be  of  i 
as  showing  the  fluctuations  in  the  average  prices  ruling  in  each  State  sin 
Prior  to  that  year,  the  statistics  were  not  collected  with  sufficient  accu 
make  a  statement  of  average  prices  of  any  practical  value.  These  avera 
obtained  by  dividing  the  total  value  by  the  total  product,  except  forth 

"6, 1887,  and  1888,  when  the  item  of  colliery  consumption  was  notcons 


PRICES  OF  CO  At. 


^     S 


i-t(Mr-ii-nO 


'-'      *"     .o 


'^   s 


51s 


S88tS5;?2g5SSBS?5?2?iS5§Si^    SSSSSSSSS^SSSS 


lrH<-t  r^iHrl       fH  i-H  iH       CO  rH  r-«       t-t 


4iHfH     'C4     *     'r-ir-J     'm     *r-i 


is 


QfHcifH     *  *     'rH^-ir-i     *     'rHr-J^icOi-Jf-JiH      'cO     *     'c4r-J     *©i     *iH 


OfHC4fH     *  'rHi-if-if-i  *  iH  iH  fH        fHiHi-5"'eO        iH  CI  r-i      *  cl        iH 


^^ 


s^^^$,  ^^I^,^^^^^,^^  ^^^^^^^^^^^^^\^ls, 


GO        pHfHC4tHiH  rHiHiHfH     '     'tHiHCI        THi-ii-5     'cO        i-ieirH     '  d     *|H 


00        rHi-JeifHiH  rtr-Ii-JrH      '        ri  i-J  CI        tH        i-5  r-i  CI  iH        ci        T-i 


SS88S    S^SSSaSSSS    8    SS§8SS8S88S8 

giH-^jJcir-;        tH  i-i  iH  tH  i-i  r-J     *i-icicC        CC        00        W     '  r-J  CJ  CI  rH  00*  r-i  CO 


SS8aS    SSSoS^S^g^g    8    S38S8§§88^8S8 

jHiHWCir-J         .HrHrHrHf-Ji-i      'f-ii-IcO         CC         iH      'c4         T-iCICI      'Cl      "cC 
I  ** 

|538'<SS    ;3SS5^SJ2SSS§S    8    SgS8SSS8^3S8 


8S§ 


S9 


S5 

f-Ir-J 

8^ 

r-5r^ 


I' 


lip 

rHd 


;36 


5gi 


PI 


:1S5z;.'^,S500aHEHr 


c'3 


III 


327 

8 


I 


e  I 

^1  a 


a    H 


COST  OF  COKING  COAL, 


COST  OF   COKING  COAL. 


The  cost  for  labor  alone  of  coking  coal  has  been  given  by  a  nu 
companies  in  the  Connellsville  district  as  61  cents  per  ton  of  coke  pr< 
or  40i  cents  per  ton  of  coal  coked,  exclusive  of  royalties,  taxes,  rei 
such  fixed  charges. 

In  the  "American  Manufacturer"  for  July  27,  1899,  Mr.  F.  C.  K 
gave  the  following  as  the  proportional  costs  of  the  several  items  of 
and  coking  Connellsville  coal: 


Coke  Yard. 

Per 
Cent. 

Coke  Yard. 

Drawing 

Leveling 

Charging 

Carters 

70.01 
8.96 
3.48 
2.48 

2.04 
1.20 

Shifting  cars 

Yard  bosses             

Masons  on  repairs 

Forking 

Bookkeeper    and    superin- 
tendent,   i    of    total    for 
mine  and  yard 

Cleaning  tracks 

Indivimial  cars  

Sundry  

Yard  pumps 

Total    

Mine. 


■A 

7 


Room  coal 

Drivers 

Heading  coal 

Rope  haulage  

Roads  

Mine  bosses   

Fire  boss 

Timber 

Trappers 

Superintendence,  i  of  total 

for  mine  and  yard 

Cagers  

Runners  and  oilers    

Engineers  

Firemen  

Dumpers 


Per 
Cent. 


52.15 
8.07 

11.15 
2.81 
3.03 
1.31 
1.44 
2.83 
.43 

.49 

.66 

.80 

1.01 

1.13 

1.25 


Mine. 


Machinist  

Bookkeeping,  i  of  total  for 

mine  and  yard 

Outside  labor  

Stable  boss 

Teams 

Blacksmith   

Carpenters 

Lamp  cleaners 

Inside  pumps  

Steam  pumps   

Surveys  

Extra  men 

Supplies 

Betterments  

Total 


The  mine  labor  is  67.20jf  of  the  total  labor  cost,  and  the  coke-yard  li 
32.80jt  of  the  total  labor  cost. 

The  cost  of  equipping  a  coke  plant  and  opening  a  mine  to  fUmi 
coal  in  the  Connellsville  region  is  from  $500  to  $1,000  per  oven,  dependi 
the  kind  of  opening  for  the  mine  and  local  considerations.  $500  per  c 
a  fair  price  for  a  plant  when  the  conditions  are  favorable  and  the  mil 
drift  mine,  and  $1,000  is  a  fair  price  for  a  shaft  mine  about  300  ft. 
under  rather  unfavorable  conditions. 

Fulton  gives  the  cost  of  the  various  types  of  coke  ovens  as  follows: 

Not  saving  by-products:  Beehive,  $300;  Thomas,  $800;  McLanahan 
Belgian,  $1,000;  Copp6e,  $1,000;  Bernard,  $1,000. 

Saving  by-products:  Simon  Carves,  $1,300;  Semet-Solvay,  $1,600;  Hue 
$1,400;  G.  Seibel,  $1,300;  Otto-HoflPman,  $1,600;  Festner-HoflEinan,  $1,500. 

The  usual  quantity  of  coal  required  to  make  1  ton  of  coke  is  1.4  tol.( 

The  loss  in  loading  coke  at  the  ovens  and  again  unloading  it  i 
furnaces  or  steel  works  is  2<j(>  to  3?^.  During  the  winter  and  in  wet  sc 
coke  takes  on  2^  to  3^  of  moisture  in  transit  between  the  ovens  an 
furnaces. 
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EXPLOSIVES. 

The  characteristics  of  a  good  blasting  explosive  are:  (1)  sufficient  stability 
and  stren^h;  (2)  difficulty  of  detonating  by  mechanieai  shock;  (3)  handy 
ionn;  (4)  absence  of  injurious  effects  on  the  user. 

Elxplosiyes  are  divided  into  two  general  classes:  (1)  low  explosives  or 
4lirect-exploding  materials;  (2)  high  explosives  or  indirect-explooing  mate- 
rials that  require  a  detonator. 

Low  Explosives.— Gunpowder  or  black  powder  is  the  type  of  this  group. 
Its  composition  varies,  depending  on  the  purpose  for  whicn  it  is  to  be  used, 
but  the  ingredients  commonly  used  in  its  manufacture  are  saltpeter,  sulphur, 
and  charcoal. 

The  following  table  gives  the  composition  of  blasting  powder  in  different 
countries: 

CoupoBiTiON  OF  Blasting  Powder  {GuUmann). 


IngredienU. 

Great 
BrlUln. 

Germaiiy. 

Austria. 
Hungary. 

France. 

Russia. 

Italy. 

United 
SUtes. 

Saltpeter 

Sulphur 

Charcoal  

75 
10 

15 

66.0 
12.5 
21.5 

64 
16 
20 

62 
20 

18 

66.6 
16.7 
16.7 

70 
18 
12 

64 
20 

High  Explosives.— These  are  a  mixture  of  nitroglycerine  with  an  absorbing 
dope,  the  composition  of  which  is  such  that,  in  addition  to  thoroughly  ana 
permanently  absorbing  the  nitroglycerine,  it  is  itself  a  gas-producing  com- 
pound. Nitroglycerine  at  60°  F.  has  a  specific  gravity  of  1.6.  It  is  odorless, 
nearly  or  quite  colorless,  has  a  sweetish  burny  taste,  is  poisonous  even  in 
very  small  quantities,  and  is  insoluble  in  water.  All  mtroglycerine  com- 
pounds freeze  at  42°  F.,  and  explode  when  confined  at  360°  F.  It  takes  fire 
at  306^  F.,  and,  if  unconfined,  bums  harmlessly  unless  in  larg€i  quantities,  so 
that  a  part  of  it,  before  coining  in  contact  with  the  air,  becomes  heated  to 
the  exploding  point. 

Tliawing  Ovntmite.— All  fh)zen  cartridges  should  be  thawed,  as,  when 
frozen,  cartridges  are  very  hard  to  explode,  and  even  if  they  do  explode, 
the  results  are  not  nearly  as  satisfactory  as  when  properly  thawed,  when 
cartridges  are  frozen,  do  not  expose  to  a  direct  heat,  but  thaw  by  one  of 
the  following  methods:  First,  place  the  number  of  cartridges  needed  for 
a  day's  work  on  shelves  in  a  room  heated  by  steam  pipes  (not  live  steam) 
or  a  stove.  Where  regular  blasting  is  done,  a  small  house  can  be  built  for 
this  purpose,  fitted  with  a  small  steam  radiator.  Exhaust  steam  through 
these  pipes  gives  all  heat  necessary.  Bank  your  house  around  with  earth, 
or,  preferably,  fresh  manure.  Second,  use  two  water-tight  kettles,  one 
smaller  than  the  other,  put  cartridges  to  be  thawed  in  smaller  kettle,  and 
place  it  in  larger  kettle,  filling  space  between  the  kettles  with  hot  water  at, 
say,  130°  to  140°  F.,  or  so  that  it  can  be  borne  by  the  hand.  To  keep  water 
warm,  do  not  try  to  heat  it  in  the  kettle,  but  add  fresh  warm  water.  Cover 
kettles  to  retain  heat.  In  thawing  do  not  allow  the  temperature  to  get 
above  212°  F.  Third,  where  the  number  of  cartridges  to  be  thawed  is  small, 
tiiey  may  be  placed  about  the  person  of  the  blaster  until  ready  for  use,  the 
heat  of  the  body  thawing  the  cartridges.  Keep  cartridges  away  from  all 
fires— this  applies  to  all  explosives.  Do  not  be  in  a  hurry,  but  thaw  slowly. 
Do  not  thaw  before  an  open  fire.  Do  not  put  cartridges  in  an  oven,  on  a  hot 
stove,  against  hot  iron  plates,  or  against  brick  casing  of  a  boiler.  Do  not  put 
cartridges  in  hot  water,  or  expose  them  to  live  steam.  And  do  not  take  any 
kind  of  powder,  fuse,  or  cai)s  near  a  blacksmith  shop. 

A  large  number  of  high  explosives  are  made  that  vary  but  little  in  their 
composition,  the  main  difference  being  in  the  character  of  the  dope  and  in 
the  percentage  of  nitroglycerine.  The  trade  name  is  usually  determined  by 
the  percentage  of  nitroglycerine,  thus  10«^  dynamite  means  that  the  dyna- 
mite contains  10^  of  nitroglycerine,  etc. 

Safety  explosives,  or,  as  they  are  called  in  England,  permitted  explosives,  are 
compounds  intended  for  use  in  gaseous  mines,  and  they  are  so  constituted' 
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that  they  will  ignite  without  producing  the  extremely  high  temperature  ] 
given  by  ordinary  explosives.    The  term  Aamdess  explosives  was  formerly  j 
used,  but  it  has  been  replaced  by  sctfety  explosives,  as  the  absence  of  a  flame 
is  not  now  necessary  to  a  permitted  explosive. 


Common  Blasting  Explosives. 


Atlas. 

Brands  Equivalent  in  Strength  to  Atlas. 

t^ 

1 

1 

1 

1 

a 

n 

2 

i 

1 

Hercules  Po 

1 
1 

o 

1 

A 

75 

A 

No.lXX 

No.  1 XX 

Old  No.  1 

No.l  A 

No.lXX 

B+ 

60 

B  + 

No.l 

No.l 

No.l  A 

No.l 

No.  1 XS 

No.l 

B 

50 

B 

N0.2SS 

N0.2SS 

New  No.  1 

No.  2 

No.  IX 

No.  2  XX 

c+ 

45 

c  + 

N0.2S 

N0.2S 

No.  2  Extra 

N0.2X 

c 

40 

c 

No.  2 

No.  2 

No.  2 
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Drilling.— Adapt  the  size  and  depth  of  the  hole  to  the  work  to  be  accom- 
plished. As  a  rule,  for  ordinary  rock  blasting,  the  distance  between  the  holes 
should  be  equal  to  from  one-half  to  the  total  depth  of  the  holes,  the  holes 
set  back  from  the  face  twice  as  far  for  dynamite  as  for  common  black 
powder,  say  a  distance  eaual  to  the  depths  of  the  holes  or  slightly  less,  and 
load  one-third  the  length  of  the  hole.  These  directions  are  only  general, 
and  do  not  apply  to  very  deep  holes.  Much  depends  on  character  and  hard- 
ness of  the  rock,  also  on  size  of  drill  holes.  In  all  cases,  the  experience 
and  judgment  of  the  blaster  must  be  his  guide. 

Ditmeter  of  Holtt.— In  driving  headings  or  sinking  shafts,  experience  shows 
that  holes  having  a  diameter  varying  f^om  |  to  U  in.  at  the  bottom  are 
most  economical  in  hard  rock,  if  charged  with  the  strongest  high  explosive. 
On  the  contrary,  holes  of  large  diameter,  say  Ik  to  2  in.  in  mameter,  and 
charged  with  strong,  low,  and  cheap  explosive,  are  the  best  when  operating 
in  weak  rock.  All  the  holes  in  the  heading  or  shaft  should  have  the  same 
diameter,  and  the  best  arrangement  is  to  give  an  equal  resistance  of  rock  to 
each,  and  to  so  place  each  hole  that  it  will  receive  the  greatest  benefit  fh>m 
the  free  faces  formed  by  firing  the  previous  holes. 

Relation  of  Diameter  of  iiole  to  Length  of  Cliarge.— By  experiment,  it  has  been 
proved  that,  as  a  rule,  the  length  of  the  charge  of  explosive  for  single  holes 
should  not  exceed  fh)m  8  to  12  times  the  diameter  of  the  hole;  that  is,  a 
V  hole  should  never  have  a  charge  of  more  than  12  in.  of  explosive  placed 
in  it.  Where  several  holes  are  fired  together,  this  rule  is  sometimes  slightly 
deviated  ftom.  It  is  usually  best  to  employ  a  length  of  chai^  between  these 
two  limits,  as,  for  instance,  about  10  times  the  diameter  of  the  hole. 

Chambering  or  squibbing  is  the  blasting  out  of  a  cavity  at  the  bottom  of  a 
drill  hole  to  allow  of  a  larger  charge  of  explosive  being  used. 

Bulling  a  drill  hole  is  the  working  of  clay  into  anv  cracks  opening  into 
a  drill  hole,  to  prevent  the  power  of  the  blast  being  scattered  through 
these  cracks. 

Charging.— The  charge  must  fit  and  fill  the  bottom  of  bore  and  be  packed 

•«olid.   If  holes  are  comparatively  dry,  slit  the  paper  of  the  cartridges  lengtb- 

Ise  with  a  knife,  and  as  each  is  dropped  into  the  hole,  strike  a  wooden 
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raxxuner  on  it  with  sufficient  force  to  make  the  powder  completely  fill  the 
bottom  and  diameter  of  the  bore.    Where  water  is  not  present,  a  more  per- 
fect loading  is  made  by  taking  powder  out  of  cartridge  and  dropping  it  in 
loosely,  ram  each  6  or  8  in.  of  the  charge,  using  the  paper  of  each  cartridge 
as  a  wad,  to  take  down  any  powder  that  may  nave  stuck  to  the  sides  of  the 
hole.     If  water  is  standing  in  the  hole,  do  not  break  the  paper  of  the  car- 
tridges and  avoid  ramming  more  than  enough  to  settle  the  charge  on  the 
bottoxn,using  cartridges  of  aa  large  diameter  as  will  readily  run  into  the  bore. 
Wben  cartridges  are  used,  the  last  cartridge  placed  in  the  hole  should. 
contaiin  an  electric  exploder,  or  cap  with  Aise  attached.    When  loose  powder 
is  used,  a  piece  of  cartridge  2  or  3  in.  in  length,  with  exploder  or  cap  attached, 
sliould  be  pressed  firmly  on  top  of  charge.    Some  blasters  put  an  exploder  or 
cap  in  the  first  cartridge  put  in  the  hole,  placing  remainder  of  charge  on  top. 
Ttie  charge  should  be  placed  in  a  solid  part  of  the  material  to  be  broken.    If 
possible,  the  fkce  should  be  undercut  and  then  the  overhanging  material 
sliot  down.    Best  results  are  obtained  when  the  bore  holes  cross  the  faces  or 
layers  of  the  material  at  right  angles.    The  charges  should  be  nlaced  so  as  to 
disturb  the  sides  and  roof  of  a  tunnel  through  material  of  meoium  hardness 
as  little  aa  possible.    The  charge  at  the  bottom  of  the  tunnel  should  be 
placed  fh>m  6  to  12  in.  below  the  permanent  level. 

Amount  of  Chargt.— No  invariable  rule  can  be  laid  down  as  to  the  diameter 
and  length  of  cartridges  to  be  used  under  any  and  all  circumstances,  nor  the 
amount  or  grade  of  powder  required  for  all  xinds  of  work.  Much  depends 
on  the  good  sense  and  Judgment  of  the  persons  using  the  explosive. 
Guttmann,  in  his  well-known  handbook  on  blasting,  says:  ''There  is  no  lack  of 
theories  for  the  determination  of  blasting  charges,  but  their  application 
depends  on  empirical  facts  determined  oy  practical  work.  I  therefore 
advise  that  the  calculation  of  charges  under  ordinary  conditions  be  neg* 
lected,  and  recommend  watching  actual  operations  for  some  weeks,  asking 
for  explanation  from  the  most  expert  miners.  In  this  way  experience  will 
be  gotten  in  a  short  time  that  will  enable  one  to  estimate  with  some  precision 
the  proper  chaige  to  use  after  inspecting  the  spot  to  be  blasted." 

A  eood  rule  by  which  to  determine  the  weight  of  black  powder  to  use  in 
any  given  hole  in  bituminous  workings  is  the  following:  Find  the  distance 
in  feet  from  the  charge  out  in  the  line  of  least  resistance.  Multiply  the 
fourth  power  of  this  distance  by  ^  the  diameter  of  the  hole  in  inches,  and 
divide  this  product  by  the  thickness  of  the  seam  in  inches.  The  result  will 
be  the  weight  of  the  charge  in  pounds.  Thus,  for  a  2^"  hole  in  a  seam  of 
bituminous  coal  6  ft.  thick,  where  the  charge  is  placed  4i  ft.  deep  from  the 
face  of  the  coal,  or  cutting,  we  have  for  the  weight  of  charge  to  be  used, 

2  ^  2  ^  2  ^  2  ^  6X12 

Tamping.— In  deep  holes,  water  makes  a  good  tamping,  but  fine  sand, 
clay,  eic.  are  generally  used.  Fill  in  for  the  first  5  or  6  in.  carefhlly,  so  as 
not  to  displace  cap  and  primer;  then  with  a  hardwood  rammer  i>ack  bal- 
ance of  material  as  solid  as  possible,  ramming  with  the  hand  alone,  and  not 
using  any  form  of  hammer.    Never  use  a  metal  tamping  rod. 

Firing.— If  the  work  is  wet,  or  the  charge  used  under  water,  use  water- 
proof fuise,  and  protect  the  end  of  the  frise  by  applying  bar  soap,  pitch,  or 
tallow  around  the  edge  of  the  cap.  Water  must  not  be  allowed  to  reach  the 
powder  in  the  fhse  or  the  Eliminate  in  the  cap.  Exploding  by  electricity  is 
best  under  water  at  great  depth,  as  the  pressure  of  water  is  so  great  on  the 
fhse  that  it  is  forced  through  and  dampens  it  so  as  to  prevent  firing. 

Saam  Blaating.— If  a  seam  is  found  in  the  rock,  remove  the  powder  from 
the  cartridges  and  push  it  into  the  seam  and  fire  a  cap  beside  it.  This  will 
open  the  seam  so  that  a  larger  quantity  of  explosive  can  be  used,  and  the 
rock  broken  without  drilling.  In  blasting  coal,  slate,  marble,  granite,  free- 
stone, or  any  other  material  that  it  is  desirable  to  obtain  in  laree  blocks, 
cartridges  or  small  diameter  should  be  used  in  wide  bore  holes,  the  chanre 
being  rolled  in  several  folds  of  paper,  to  prevent  its  touching  the  sides  of  the 
bore  noles.  The  intensity  of  action  and  the  crushing  effect  of  the  explosive 
are  thus  lessened. 

Firing  by  Oatonation.— Nitroglycerine  explosives  always  require  detonation 
by  a  cap  or  exploder  in  order  to  develop  their  ftill  force.  Fig.  1  illustrates 
tne  metnod  of  attaching  such  an  exploder  to  the  end  of  a  frise  and  the  pla- 
cing of  it  in  the  cartridge.  The  exploders  are  loaded  with  fulminate  or  mer- 
cury and  are  slipped  over  the  end  of  the  fiise,  afrer  which  the  upper  end  is 
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til  a  -nfvkb 


crimped  tightly  against  the  end  of  the  i^ise,  as  shown.    (Miners  some 
bite  the  caps  on  to  the  fuse  with  their  teeth.    This  is  a  very  dangerous  pro» 
ceeding  and  should  never  be  allowed,  as,  with  strong  caps,  one  of  them 
exploding  in  a  man's  mouth  would  prove  fatal,)    In  placing  the  cap  or 


Fig.  2. 


Fia.  a. 


exploder  into  the  dynamite  or  glant-ix)wder  cartridge,  care  should  be  taken 
that  only  about  two-thirds  of  the  cap  be  embedded  in  the  material  of  the 
cartridge,  for  if  the  ftise  had  to  pass  through  a  portion  of  the  material  before 
reaching  the  cap,  there  would  be  danger  of  its  igniting  the  material,  thus 
causing  deflagration  of  the  cartridge  In  place  of  detonation.  The  nunes 
given  off  by  high  explosives  are  much  worse  in  the  case  of  detonating  a 
cartridge. 

The  electric  exploder,  Fig.  2,  has  wires  A  and  B,  which  carry  the  current  to 
the  exploder.  D  is  a  cement  (usually  sulphur)  that  protects  the  explosive 
compound  C  (usually  mercury  ftilminate)  and  the  wnole  is  contained  in  a 
copper  shell.    A  small  platinum  wire  E  is  heated  by  the  ixassage  of  a  current 

and  ignites  the  explosive.  Fig.  3 
shows  the  method  of  placing  a  cap 
or  an  electric  exploder  in  a  cartridge 
of  powder. 

When  a  number  of  holes  are  ex- 
ploded at  one  time,  the  electric 
exploders  are  connected  in  series,  as 
shown  in  Fig.  4,  for  a  small  number 
of  holes,  and  as  in  Fig.  5  for  a  larger 
number. 

Yia  4  The  battery  for   ftimishing  the 

current  of  electricity  is  a  magneto 
machine  that  is  worked  by  either  pulling  up  or  by  depressing  a  handle  or 
rack  bar,  or  else  by  turning  a  crank. 

Directions  for  Blasting  by  Electricity.— Drill  the  number  of  holes  desired  to  be 


Fig.  5. 


fired  at  one  time;  depth  and  spacing  of  holes  depending  on  character  of 
rock,  size  of  drill  holes,  etc.,  the  blaster,  of  course,  using  his  judgment  in  this 
matter.  Load  the  hole  in  the  usual  manner,  fitting  one  cartridge  with  a  ftise 
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(electric  exploder)  instead  of  cap  and  ftise.  The  ftise  head  is  fitted  into 
S.^55^^™  end  of  the  cartridge,  or  into  the  middle  of  one  side  of  the 
cartridge,  where  a  hole  has  been  punched  with  a  pencil  or  small  sharp  stick 
JSL'^eive  It;  push  the  powder  close  around  the  ftise  head.  The  ftise  can  then 
De  neld  in  position  by  tying  a  string  around  the  cartridge  and  the  fuse  wires, 
pinding  the  wires  to  the  cartridge,  as  shown  in  Fig.  3.  A  shows  head  of  ftise,  B 
Uie  two  fuse  wires,  C  string  used  to  tie  wires  to  cartridge.  Avoid  taking 
mtcnes  in  fUse  wires,  as  by  this  very  common  practice,  the  insulation  of 
tne  ivires  mav  be  injured  and  the  current  of  electricity  may  pass  fh)m  one 
^^J^  *"^  other,  without  passing  through  the  cap,  hazarding  a  misfire. 
,  ,  Tlie  cartridge  containing  the  fuse  is  put  in  on  top  of  the  charge  by  some 
blasters;  by  others,  at  bottom  of  the  charge.  The  best  place  for  it  is  in  the 
center  of  the  charge^  haying  part  of  the  charge  above  and  part  below  it. 
In  tajuping  the  hole;  great  care  must  be  taken  not  to  cut  the  wires,  or  injure  the 
cotton  covering  (dmke  wires,  or  to  pull  the  ftise  out  of  the  cartridge.  Allow 
at  least  8  in.  of  th6  fuse-ifdre  to  project  above  the  hole,  to  make  connections. 
When  all  the  hol<38  to^be  fired  at  one  time  are  tamped,  separate  the  ends 
of  ttie  two  wires  in,each  hole,  and,  by  the  use  of  connecting  wire,  join  one 
wire  of  the  first  hole  with  one  of  the  second,  the  other  or  free  wire  of  the 
second  with  one  of  th&  third,  and  so  on  to  the  last  hole,  leaving  a  free  wire 
at  each  end  hole. 

All  connectionB  Of  wires  should  be  made  by  twisting  together  the  bare 
ancl  clean  endsj  it  is  best  tohaVe  the  joined  partsbright.    Scrape  off  the  cotton 
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Fig.  7. 

covering  at  the  endi  of  ^;he  wires  to  be  connected,  say  for  2  in.,  then  rub  the 
wire  with  a  small  hard  stone.  This  makes  a  bright  fresh  wire.  Be  sure  that 
all  connections  are  clean,  Jaright,  and  well  twisted.  Do  not  hook  or  loop  wires 
in  making  connectioniS.  Bare  joints  in  wire  should  never  be  allowed  to  touch 
the  ground,  particulaiiy  so  if  tne  ground  is  wet.  This  can  be  prevented  by 
putong  dry  atones  under  the  joints.  The  charges  having  all  been  connected, 
as  directed,  above,  the  free  wire  of  the  first  hole  should  be  joined  to  one  of  the 
leading  wires,  and.lJie  free  wire  of  the  last  hole  to  the  other  of  the  two 
leading  wires.  The  leading  wires  should  be  long  enough  to  reach  a  point  at 
a  safe  distance  from  the  blast,  say  250  ft.  at  least.  A»  being  ready,  and  not 
till  the  men  are  at  a  safe  distance,  connect  the  leading  wires,  one  to  each  of 
the  projecting  screws  on  the  front  side  or  top  of  the  battery,  through  each 
of  wnicn  a  hole  is  bored  for  the  purpose,  and  bring  the  nuts  down  firmly  on 
the  wires.  Now,  to  fire,  take  hold  of  the  handle  for  the  purpose,  lift  the 
rack  bar  (or  square  rod,  toothed  on  one  side)  to  its  ftiU  length,  and  press  it 
down,  for  the  first  inch  of  its  stroke  with  moderate  speed,  but  finishing  the 
stroke  with  all  force,  bringing  rack  bar  to  the  bottom  of  the  box  with  a  solid 
thud,  and  the  blast  will  be. made.     Do  not  churn  rack  bar  up  and  down.    It 
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is  unnecessary  and  barmftil  to  the  machine.  One  quick  stroke  of  the  rack 
bar  is  sufficient  to  make  the  blast.  Never  use  Aises  (exploders)  made  by 
diflferent  manufacturers  in  the  same  blast.    Connecting  wire  shoald  be  of 


Fig.  8, 


same  size  as  the  fuse  wire;  leading  wire  should  be  at  least  twice  as  large. 
Ctovering  on  wire  should  not  "  strip  "  or  come  off  easily. 

The  power  of  an  explosive  cannot  be  exactly  calculated  fix>m  the  quantity 
and  temperature  of  the  gas  resulting  trom  its  detonation,  as  it  is  imjpossible 
to  determine  the  exact  composition  of  gas  at  the  moment  of  explosion  and 
during  the  subsequent  cooling  period.    Tables  that  give  the  relative  strength 


Fig.  10. 


Fig.  U. 


of  explosives  are  apt  to  be  misleading,  as  so  much  depends  on  the  compo- 
sition of  the  explosive,  and  since  there  are  so  many  explosives  of  varying 
Tipositions  that  are  sold  under  the  same  name. 
Pressures  Developed  by  Explosives.— According  to  experiments  conducted 
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^y   S&rrau,  Vielle,  Noule,  and  Abel,  the  following  approximate  maximum 

gressvLres,  in  tons  per  square  inch,  developed  by  vanous  explosives,  have 
een    arrived  at:  Mercury  fulminate,  193;  nitroglycerine,  86;  guncotton,  71; 
Dlasting  powder,  43. 

Values  of  Explosives.— Taking  gunpowder  (containing  61^^  saltpeter)  as  a 
stancUurd,  and  calling  its  value  1,  the  following  are  the  comparative  values 


Ptmnp/'e/t  Cut 


,4  ^ 


Fig.  14. 


Fig.  15. 


of  the  other  explosives:  D^amite,  containing  75^  nitroglycerine,  2.2;  blasting 
gelatine,  containing  92ji  nitroglycerine,  3.2;  nitroglycerine,  3.3. 

The  arrtngement  of  arill  holes  for  driving  and  sinking  should  be  such  as  to 
permit  the  easy  handling  of  the  drills  and  also  to  minimize  the  number  of 
noles  and  the  weight  of  explosive.  Two  distinct  systems  are  in  use:  (1)  the 
cmie^  cut,  by  which  a  center  core  or  key  is  first  removed,  and  after  that 
concentric  layers  about  this  core;  (2)  the  «^uar^  cut,  in  which  thQ  UUQ^  of 
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holes  are  parallel  to  the  sides  of  the  excavation,  the  rock  being  removed  ia I 

wedees  instead  of  in  concentric  circles.  I 

The  center-cut  method  is  shown  in  Figs.  6,  7,  8,  and  9,  Yig.  6  showing  the! 

face  of  a  heading,  Fig.  7  an  elevation  or  vertical  section,  and  Figs.  8  and  9l 

Elans.  The  numbers  of  the  holes  correspond  in  the  several  views.  Thel 
oles  are  supposed  to  be  drilled  by  rock  dfrllls,  and  they  are  so  placed  that  I 
all  except  the  breaMng-in  holes  have  an  equal  line  of  resistance.  The  num- 1 
ber  of  holes  given  is  supposed  to  take  out  a  clean  cut  of  the  whole  section  I 
abed  to  the  extent  of  3  ft.  6  in.  The  order  of  firing  the  holes  is:  (1)  break-  f 
ing-in  shots  I,  «,  5,  and  U  simultaneously;  (2)  5,  6,  7,  8;  (3)  P,  10,  11,  It, 
(4)  IS,  U,  15,  16;  (5)  17,  18,  19,  tO. 

The  square-cut  arrangement  is  shown  in  Figs.  12  (face),  10,  11  ( plans \  \ 
and  13  (vertical  elevation).  The  entering  wedge,  Fig.  11,  is  best  removed  in  | 
two  stages:  First,  the  part  eg  h  by  the  snots  1,  fS,  S,  and  U;  and  second,  part 
€/h  by  shots  6,  6,  7,  and  8.  The  other  shots  are  then  fired:  (1)  9, 10, 11,  IS: 
(2)  IS,  U,  15, 16;  (3)  17. 18, 19,  SO,  each  volley  being  fired  either  simultaneously 
or  consecutively,  where  there  is  a  natural  parting  in  the  headingr.  advan- 
tage is,  of  course,  taken  of  this  in  the  location  of  the  shots. 

Figs.  14  and  15  show  two  arrangements  of  drill  holes  used  in  sinking  the 
Parker  shaft  at  Franklin  Furnace,  N.  J.  The  size  of  the  shaft  was  10  ft.  X 
20  ft.  in  the  rock.  At  first,  only  6'  cuts  were  put  in,  but  these  were  gradually 
increased  until  11/  and  12'  cuts  were  pulled.  The  best  average  obtained  was 
66  ft.  of  shaft  ftom  6  consecutive  cuts. 
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The  number  of  coal-mining  machines  in  use  has  increased  rapidly  within 
a  very  short  time.  In  1896  there  were  1,446  in  use  in  the  United  States. 
During  1897  there  was  an  increase  of  542,  or  37.M,  while  the  average  yearly 
gain  from  1891  to  1896  was  only  about  229^.  The  total  tonnage  won  by 
machines  in  20  States  in  1897  was  22,649.220  short  tons,  or  16.17j(  of  the  total 
product  of  these  States,  and  15.3j(  of  the  total  bituminous  product  of  the 
United  States.  A  universal  mining  machine  has  not  yet  been  brought  out, 
and  one  of  the  principal  reasons  for  the  failure  of  mining  machines  in  a 
number  of  instances  has  been  the  attempt  to  use  a  machine  under  condi- 
tions to  which  it  was  not  adapted.  When  a  mining  machine  is  designed  and 
built  to  suit  the  conditions  under  which  it  is  to  be  operated,  it  is  safe  to  say 
that  there  are  but  few  mines  in  which  they  cannot  be  successfully  utilizea. 
They  are  of  particular  advantage  where  there  is  a  long  working  flace  and 
where  the  coal  is  over  3  ft.  in  thickness.  Low  seams  require  more  under- 
cutting for  the  given  output  than  high  seams.  As  a  rule  it  has  not  been 
found  economical  to  use  machines  in  seams  pitching  over  129  to  15^  thoue^h 

Sick  machines  have  been  used  in  mines  having  an  inclination  of  239,  tne 
ifficulty  being  not  so  much  in  the  cutting  as  in  moving  the  machine  m>m 
place  to  place. 

There  are  four  general  types  of  mining  machines  in  use;  pick  machines, 
chain-cutter  machines,  cutter-bar  machines,  and  longwall  machines.  The 
first  two  are  the  types  almost  universally  used  in  America.  Cutter-bar 
machines  have  almost  entirely  disappeared  fh)m  use  excepting  one  type 
which  is  at  present  used  in  Iowa.  Longwall  mining  machines  have  not 
been  very  generally  adopted  in  America,  as  the  longwall  method  of  mining 
is  not  extensively  used. 

Both  compressed  air  and  electricity  are  used  for  operating  mining 
machines.  Pick  machines  driven  by  compressed  air  are  made  by  three 
separate  concerns.  Four  companieffmake  electric  chain  machines  and  one  of 
these  four  is  also  making  a  compressed-air  chain  machine.  One  makes  a 
longwall  machine,  and  one  has  brought  out  a  pick  machine  for  electric 
power. 

Pick  maohinos  work  very  similarly  to  a  rock  drill.  They  can  be  used 
wherever  mining  machines  are  applicable,  and  their  particular  advantage  Is 
that  they  are  more  perfectly  under  the  control  of  the  operator,  who  can  cut 
around  pyrites  and  similar  obstructions  without  cutting  them  with  the 

ichine.    This  renders  such  a  machine  particularly  applicable  for  seams  oi' 
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ooail  liavixig  rolls  in  the  bottom  and  containing  pyrites  or  other  hard  impuri- 
ties. They  are  also  applicable  for  working  pillars  on  which  there  is  a 
squeeze,  as  they  are  light  and  can  be  easily  handled  and  readily  removed. 
Chain- Gutter  mtchines  consist  of  a  low  metal  bed  fi^me  upon  which  is 
niounted  a  motor  that  rotates  a  chain  to  which  suitable  cuttmg  teeth  are 
attached.  To  operate  chain  machines  to  the  best  advantage,  the  coal  should 
be  comparatively  f^ee  from  pyrites.  They  also  require  more  room  than  pick 
cnacliijies,  and  a  space  ftom  12  to  15  ft.  in  width  is  nece&sary  along  the  face 
to  work  them  to  advantage.  These  machines  have  proved  failures  in  some 
mines  on  account  of  the  incessant  jarring  of  the  roof  by  the  rear  Jack. 
Chain-cutter  machines  cannot  be  used  to  undercut  coal  when  a  squeeze  is 
upon  it.  Coal  seams  that  are  comparatively  level  and  iVee  from  pyrites  and 
have  a  comparatively  good  roof  can  undoubtedly  be  more  satisfactorily  and 
economically  cut  with  chain-cutter  machines  than  with  any  other  type. 

The  average  height  of  cut  is  4i  to  5  in.,  and  at  this  height,  the  chain- 
cutter  machines  makes  only  about  60^  as  much  small  coal  as  a  ^ck  machine. 
This  is  not  always  an  advantage,  as  it  does  not  always  allow  sufficient  height 
for  the  coal  to  fall  down  after  the  cut  is  made.  In  a  3^'  seam,  3  men  are 
reqnired  to  handle  the  machine  to  advantage. 

oheirinji .— All  the  pick  machines  can  be  converted  into  shearing  machines 
and.  can  be  used  for  longwall  work  by  using  a  longer  striking  arm  and  a 
lon^r  supply  hose.  The  chain  machines  are  used  to  do  shearing  work  by 
having  the  cutting  parts  turned  vertically. 

Captclty.— The  average  producing  capacity  of  each  mining  machine  used 
in  the  United  States  was  11,398  tons  in  1891, 11,373  tons  in  1896,  and  11,393 
tons  in  1897.  So  much  depends  on  the  local  conditions  that  it  is  almost 
impossible  to  give  specific  data  of  rates  of  working  and  costs,  but  the 
following  are  ffir  working  approximations. 

A  good  pick  machine  will  undercut  450  sq.  ft.  in  10  hours,  while  an  ordi- 
nary miner  will  undercut  120  sq .  ft.  in  the  same  time.  In  a  seam  varying  ttom 
4i  to  6  ft.  in  thickness,  the  machine  will  undercut  f^m  50  to  100  tons  of  coal 
in  10  hours.  The  cost  of  undercutting  under  these  conditions  has  been  given 
as  approximately  10  cents  per  ton.  Extraordinary  records  show  1,400  sq.  ft. 
to  have  been  cut  in  9  hours  iu  Western  Pennsylvania,  and  in  an  8'  seam, 
•240  tons  have  been  undercut  in  a  shift  of  10  hours. 

A  good  chain  cutter  will  make  ftom  30  to  45  cuts,  44  in.  wide  and  6  ft. 
deep,  in  10  hours  under  moderately  fair  conditions,  while  in  high  seams 
two  men  handling  the  same  machine  under  ordinary  conditions  can  make 
60  cuts  per  shift,  and  under  particularly  favorable  conditions,  80  to  120  cuts 
per  shift. 
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This  subject  is  divided  naturally  into  (o)  gases  occurring  in  workings, 
explosive  conditions,  quantity  of  air,  distribution  of  air,  and  (6)  ventilating 
methods  and  machinery.  ___^_ 

THE  ATMOSPHERE. 

Composition.— Air  consists  chiefly  of  oxygen  and  nitrogen,  with  small  and 
varying  amounts  of  carbonic-acid  gas,  ammonia  gas,  and  aqueous  vapor. 
These  gases  are  not  chemically  combined,  but  exist  In  a  free  state  in  uniform 
proportion,  as  follows: 

By  Volume.  By  Weight. 

Nitrogen 79.3  77.0 

Oxygen 20.7  23J) 

100.6  100.0 

Wherever  air  is  found,  its  composition  is  practically  the  same. 

Weight.— The  weight  of  1  cu.  ft.  of  air  at  32°  F.  and  under  a  barometric 
pressure  of  30  in.  is  .080975  lb.  Air  decreases  in  weight  per  cubic  foot  as  we 
ascend  in  the  atmosphere,  and  increases  as  we  descend  below  the  surface 
of  the  earth. 
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The  weight  of  1  cu.  ft.  of  dry  air  at  any  temperature  and  baromed 
pressure  is  found  by  means  of  the  formula 

1.3253  X  B 


)  +  < 


barometric  pressure 


in  which    w  —  weight  of  1  cu.  ft.  of  dry  air;   B  ■■ 
(inches  of  mercury) ;  t  =  temperature  (degrees  F.}. 

The  constant  1.3253  is  the  weight  in  pounds  avoirdupois  of  1  cu.  ft.  of  dry 
air  at  an  absolute  temperature  of  1°  F.  and  1  in.  barometric  pressure. 

Example.— Find  the  weight  of  1  cu.  ft.  of  dry  air  at  a  temperature  of 
60^  F.  and  a  barometric  pressure  of  30  in. 

Table  op  Weight  of  Dry  AiH. 

Weight  of  1  cu.  ft.  of  dry  air  at  different  temperatures  and  barometric 

1     w  ^  V.    *v    ^  1  1-3253  X  B 

pressures,  as  calculated  by  the  formula  w  =     ^^      .    . 


Weight  of  1  Cu.  Ft.  of  Dry  Air  (Lb.  Avoirdupois). 

Temperature. 

t 

Barometer  (In.). 

Barometer  (In.). 

Barometer  (In.). 

Barometer  (In.). 

S  =   27. 

i?  =  28. 

ir  =  29. 

i?  =  30. 

0 

.07796 

.08085 

.08373 

.08662 

5 

.07718 

.08002 

.08285 

.08569 

10 

.07631 

.  .07914 

.08196 

.08478 

15 

.07550 

.07830 

.08109 

.08388 

20 

.07470 

.07747 

.08023 

.08300 

25 

.07393 

.07667 

.07941 

.08215 

30 

.07318 

.07589 

.07860 

.08131 

32 

.07288 

.07558 

.07828 

.08098 

35 

.07244 

.07512 

.07780 

.08048 

40 

.07171 

.07435 

.07701 

.07967 

45 

.07099 

.07362 

.07625 

.07888 

60 

.07031 

.07291 

.07551 

.07811 

55 

.06961 

.07219 

.07477 

.07735 

60 

.06895 

.07150 

.07405 

.07660 

65 

.06828 

.07081 

.07324 

.07587 

70 

.06766 

.07016 

.07266 

.07516 

75 

.06701 

.06949 

.07197 

.07445 

80 

.06648 

.06884 

.07130 

.07376 

85 

.06576 

.06820 

.07064 

.07308 

90 

.06519 

.06760 

.07001 

.07242 

95 

.06490 

.06699 

.06938 

.07177 

100 

.06401 

.06638 

.06875 

.07112 

110 

.06288 

.06521 

.06754 

.06987 

120 

.06180 

.06409 

.06638 

.06867 

130 

.06075 

.06300 

.06525 

.06750 

140 

.05974 

.06195 

,06416 

.06637 

150 

.05874 

.06092 

.06310 

.06528 

160 

.05781 

.05995 

.06209 

.06423 

170 

.05688 

.05899 

.06110 

.06321 

180 

.05601 

.05808 

.06015 

.06222 

190 

.05514 

.05718 

.05922 

.06126 

200 

.05430 

.05631 

.05832 

.06033 

220 

.05271 

.05466 

.05661 

.05856 

240 

.05119 

.05309 

.05498 

.05688 

260 

.04978 

.05162 

.05-346 

.05590 

280 

.04840 

.05020 

.05200 

.05380 

300 

.04714 

.04888 

.05063 

.05238 

350 

.04423 

.04587 

.04751 

.04915 

400 

.04166 

.04321 

.04475 

.04629 
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Atmosphario  PrtMurt.-— The  term  barometric  pretture  is  the  prewuie  caused 
1)7  the  weight  of  the  atmosphere  above  a  given  point.  It  is  measured  by  the 
l>aronieter,  and  this  gives  rise  to  the  synonymous  term  barometric  oressure. 
Atmospheric  pressure  is  usually  stated  in  pounds  per  square  incn,  while 
l)arometric  pressure  is  stated  in  inches  of  mercury.  Thus,  at  sea  level,  the 
atmospheric  pressure  under  normal  conditions  of  the  atmosphere  is  14.7  lb. 
per  sq.  in.,  while  the  barometric  pressure  at  the  same  level  is  80  in.  of 
mercury  column,  or  simply  30  in. 

BsroHnetcio  Variations.— The  pressure  of  the  atmosphere  is  not  constant,  but 
is  subject  to  fluctuations  depending  on  the  condition  of  the  atmosphere. 
Besides  these,  there  are  fluctuations  that  are  more  or  less  regular  and  are 
called  barometric  variations.  There  is  both  a  yearly  and  a  diurnal,  or  daily, 
variation.  Of  these  two,  the  more  important  and  the  more  regular  is  the 
daily  variation,  in  which  the  barometer  attains  a  maximum  height  Arom  9  to 
10  o'^clock  A.  M.,  and  a  minimum  about  4  o'clock  p.  m.  Other  maTimnTn  and 
minimum  readings  are  obtained  at  10  p.  m.  and  3  ▲.  m.,  respectively;  but 
these  are  not  as  pronounced  as  those  occurring  in  the  daytime.  The  didly 
barometric  variations  range  from  .01  to  .08  in. 

Marcurial  Baromatar.— This  barometer  is  often  called  the  cittern  barometer; 
or,  when  the  lower  end  of  the  tube  is  bent  upwards  instead  of  the  mouth  of 
the  tube  being  submerged  in  a  basin,  it  is  known  as  the  nphon  barometer. 
The  instrument  is  constructed  by  filling  a  glass  tube  3  ft.  long,  and  having  a 
bore  of  i  in.  diameter,  with  mercury,  which  is  boiled  to  drive  off  the  ur. 
The  thumb  is  now  placed  tightly  over  the  open  end,  the  tube  inverted,  and 
its  mouth  submerged  in  a  basin  of  mercury.  When  the  thumb  is  withdrawn, 
the  mercury  sinks  in  the  tube,  flowing  out  into  the  basin,  until  the  top  of 
the  mercury  column  is  about  80  in.  above  the  surface  of  the  mercury  in  the 
basin,  and  after  a  few  oscillations  above  and  below  this  point,  comes  to  rest. 
The  vacuum  thus  left  in  the  tube  above  the  mercury  column  is  as  perfect 
a  vacuum  as  it  is  possible  to  form,  and  is  called  a  Torrtcelli  vacuum,  after  its 
discoverer.  There  being  evidently  no  pressure  in  the  tube  above  the 
mercury  column,  and  as  the  weight  of  this  column  standing  above  the  sur- 
face of  the  mercury  in  the  basin  is  supported  by  the  pressure  of  the  atmos- 
phere, it  is  the  exact  measure  of  the  pressure  of  the  atmosphere  on  the 
surface  of  the  mercurv  in  the  basin.  If  the  experiment  is  performed  at  sea 
level,  the  helffht  of  the  mercury  will  be  found  to  average  about  30  in.,  at 
higher  elevations  it  is  less,  while  if  we  descend  deep  shafts  below  this  level, 
it  IS  greater.  Roughly  speaking,  an  allowance  of  1  in.  of  barometric  height 
is  made  for  each  900  ft.  oi^aRcent  or  descent  ftom  sea  level  (see  calculation  of 
barometric  elevations).  A  thermometer  is  attached  to  each  mercurial 
barometer  to  note  the  temperature  of  the  reading,  as  it  is  customary  in  all 
accurate  work  with  this  instrument  to  reduce  each  reading  to  an  equivalent 
reading  at  32°  F.,which  is  the  standard  temperature  for  barometric  readings. 
A  scale  is  provided  at  the  top  of  the  mercury  column  with  its  inches  so 
marked  upon  it  as  to  make  due  allowance  for  what  is  called  the  error  qf 
capacity.  In  other  words,  the  inches  of  the  scale  are  longer  than  real 
inches,  since  the  level,of  the  mercury  in  the  basin  rises  as  it  sinxs  in  the  tube, 
and  vice  versa.  The  top  of  the  mercury  column  is  always  oval,  convex 
upwards,  owing  to  capillary  attraction,  and  the  scale  is  read  where  it  is 
tangent  to  this  convex  surface. 

Miaroid  Baramater.— This  is  a  more  portable  form  than  the  mercurial 
barometer.  It  consists  of  a  brass  box  resembling  a  steam-pressure  gauge, 
having  a  similar  dial  and  pointer,  the  dial,  however,  being  graduated  to 
read  inches,  corresponding  to  inches  of  mercury  column,  instead  of  reading 
pounds,  as  in  a  pressure  gauge.  Within  the  outer  case  is  a  delicate  brass 
Dox  having  its  upper  and  lower  sides  corrugated,  which  causes  it  to  act  as  a 
bellowti,  moving  in  and  out  as  the  atmospheric  pressure  on  it  changes.  The 
air  within  the  dox  has  been  partially  exhausted,  to  render  it  sensitive  to 
atmospheric  changes.  The  movement  of  the  upper  surface  of  the  box  is 
communicated  to  the  pointer  by  a  series  of  levers,  and  the  dial  is  graduated 
to  correspond  with  the  mercurial  barometer. 

Calculation  of  Atmospharic  Praaaora.— The  weight  of  the  mercury  column 
of  the  barometer  is  the  exact  measure  of  the  pressure  of  the  atmosphere, 
since  it  is  the  downward  pressure  of  the  atmosphere  that  supports  the 
mercury  column,  area  for  area;  that  is  to  say,  the  pressure  of  the  atmosphere 
on  Isq.  in.  supports  a  column  of  mercury  whose  area  is  1  sq.  in.,  and  whose 
heiffht  is  such  that  the  weight  of  the  mercury  column  is  equal  to  the  weiRht 
of  tne  atmospheric  column.    Hence,  since  1  cu.  in.  of  mercury  weighs  .49  lb., 
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the  atmospheric  pressure  that  supports  30  in.  of  mercury  oolunm  is  .49  X  36 
=  14.7  lb.  per  sq.  in.  In  like  manner,  the  atmospheric  pressure  correspond- 
ing to  any  height  of  mercury  column  may  be  calculated.  It  will  be  observed 
that  the  sectional  size  of  the  mercury  column  is  not  important,  since  it  ia 
supported  by  the  atmospheric  pressure  on  an  equal  area,  but  the  calculatioit 
of  pressure  is  based  on  1  sq.  in. 

Wstcr  ColHmn  Corresponding  to  Anv  Mercury  Colnmn.— The  density  of  mercoiy 
referred  to  water  is  practically  13.6;  hence,  the  height  of  a  water  column 
corresponding  to  a  given  mercury  column  is  13.6  times  the  heigrbt  of  the 
mercury  column.  For  example,  at  sea  level,  where  the  average  barometric 
pressure  is  30  in.  of  mercury,  the  height  of  water  column  that  tbe  atmos- 

Eheric  pressure  will  support  is  13.6  X  f§  —  34  ft.  This  is  the  tbeoretical 
eight  to  which  it  is  ix)88iDle  to  raise  water  by  means  of  a  suction  pump,  but 
thelength  of  the  suction  pipe  should  not  exceed  75^  or  80^  of  the  theoretical 
water  column. 

Csloulttion  of  Barometric  Eiavttions.— Such  elevations,  although  approxi- 
mate, are  useflil  for  many  purposes.  The  barometric  readings  are  leduced 
to  equivalent  readings  at  the  standard  temperature  of  32°  F.,  and  for  deter- 
mining differences  in  elevation,  the  readings  of  two  barometers  should  be 
taken,  if  possible,  at  the  same  time.  It  must  not  be  supposed,  however,  that 
the  barometer  always  reads  the  same  for  the  same  elevation  at  this  tempera- 
ture. The  temperature  of  the  atmosphere  has  indeed  very  little  effect  on 
the  atmospheric  pressure,  which  is  due  to  the  weight  of  air  above  the  point 
of  observation,  aerial  currents,  and  other  phenomena. 

In  the  more  accurate  determinations  of  vertical  height  or  elevation  by 
means  of  the  barometer,  the  following  formula  i»  usually  employed: 

R  —  reading  of  barometer  (inches)  at  lower  station; 
r  ~  reading  of  barometer  (inches)  at  higher  station; 
T  =  temperature  (F.}  at  lower  station; 
t  =  temperature  (F.)  at  higher  station; 
H  =  difference  of  level  in  feet  between  the  two  stations. 

H  =  56,300 (log  i2- log  r)(n-  ^'). 

n_ 

^•^1  +  w) 

More  simply:  if  =  49,000 

_     r49,000  (900  +  r  -}-  0  +  900g1 

"  ''[49,000  (900 +r+ 0-900  id" 

Correction  for  Tempertture.— Mercury  expands  about  .0001  of  its  volume 
for  each  degree  Fahrenheit.  To  reduce,  therefore,  a  reading  at  any  tem- 
perature to  the  corresponding  reading  at  the  standard  temperature  of  32P  F., 
subtract  ^xfhn  of  the  observed  height  for  each  degree  above  32°;  or,  if  the 
temperature  is  below  32°,  add  tvW  ^^r  each  degree. 

Thus,  80.667  in.  at  62°  F.  is  equivalent  to  a  reading  of  30.555  in.  at  32°  F., 

«o 00 

since  30.667-  Vq^-  (30.667)  =  30.667-  .092  =  30.555  in. 

Deptii  of  Siiafts.— The  barometer  is  often  employed  to  determine  the 
depth  of  a  shaft  or  the  depth  of  any  point  in  a  mine  below  a  corresponding 
point  on  the  surface.  The  aneroid  is  employed  for  this  work,  being  more 
portable.  Allowance  must  always  be  made  in  such  cases  fbr  the  venti- 
lating pressure  of  the  mine.  A  simple  formula  often  used  for  such  calcu- 
lations is  the  following: 


log R  = ,  ^  T^f.  +  lofi^'-- 


H  =  55,000 


(-VI)- 


in  which  the  letters  stand  for  the  same  factors  as  designated  above. 

The  most  important  use  of  the  barometer  in  mining  practice,  however  Is 
*"ound  in  the  warning  that  It  gives  of  the  decrease  of  atmospheric  pressure, 
Id  the  expansion  of  mine  gases  that  always  follows. 
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CHEMISTRY    OF    OASES. 

All  matter  exists  in  one  of  three  forms,  solid,  liquid,  or  gaseotis,  according  to 
the  predominance  of  the  attractive  or  the  repulsive  forces  existing  between  the 
molecules.  For  example,  water  exists  as  ice,  or  in  a  solid  form,  when  the 
attractive  force  exceeds  the  repulsive  force  between  its  molecules.  As 
the  temperature  is  raised  or  heat  is  applied,  the  ice  assumes  the  liquid  form 
due  to  the  more  rapid  vibration  of  the  molecules  of  which  it  is  composed. 
In  other  words,  the  repulsive  force  existing  between  the  molecules  is 
incraEued,  and  the  result  is  a  liquid.  If  we  still  flirther  raise  the  tempera- 
ture by  applying  more  heat,  the  vibration  of  the  molecules  becomes  yet 
more  rapid,  the  repulsive  force  is  increased  between  the  molecules,  and  a 
gas  or  vapor  called  steam  is  formed. 

An  atom  is  the  smallest  conceivable  division  of  matter. 

A  molecule  is  a  collection  of  two  or  more  atoms,  united  by  affinity. 

The  atom  cannot  consist  of  more  than  one  element.  The  molecule  may 
be  either  simple  or  compound.  If  compound,  it  is  a  chemical  compound, 
its  atoms  being  chemically  united. 

Chemiotl  CompoHnds.— A  chemical  compound  is  one  formed  by  the  union 
of  two  or  more  atoms  chemically,  such  atoms  uniting  always  in  fixed  or 
definite  proportions.  The  propemes  of  a  chemical  compound  are  always 
the  same. 

Mechtniotl  MixtHrc—A  mechanical  mixture  is  composed  of  different  sub- 
stances that  are  not  chemically  united,  and  which  are  mixed  in  no  fixed 
proportion.  The  properties  of  a  mechanical  mixture  present  a  regular 
gradation  from  a  maximum  to  a  minimum  state.  Thus,  a  solution  of 
common  salt  NaCl  in  water  is  not  a  chemical  compound  of  salt  and  water, 
biit  simplv  a  mechanical  mixture  of  the  salt  in  the  water.  If  more  salt  is 
added  to  uie  water,  the  strength  of  the  mixture  or  the  brine  is  increased; 
and  when  less  salt  is  present,  the  strength  is  less.  On  the  other  hand, 
salt  itself  is  a  chemical  compound  formed  bv  the  union  of  1  atom  of  sodium 
with  1  atom  of  chlorine,  the  two  atoms  being  bound  together  by  chemical 
affinity,  and  always  uniting  in  the  same  proportion,  1  atom  of  each,  to  form 
salt. 

The  air  that  we  breathe  is  a  mechanical  mixture  of  nitrogen  and  oxygen 


oxygen  and  nitrogen,  in  the  atmosphere,  is  uniformly  in  the  ratio  of  say, 
1  yoiume  of  oxygen  to  4  of  nitrogen.  Firedamp  is  another  example  of  true 
mechanical  mixture,  consisting  chiefly  of  a  mixture  of  marsh  gas  CHi  and 
air,  with  small  amounts  of  other  hydrocarbons  and  a  varying  amount  of 
carbonic-acid  gas,  which  is  always  present  in  firedamp.  These  gases  are  not 
combined  chemically,  but  are  mixed  in  varying  proix>rtions. 

Atoinlo  volume,  or  specific  volume,  means  simply  rdoHve  volume.  These 
tenns  refer  to  the  relative  volume  of  gases  resulting  from  any  particular 
reacticn.  By  means  of  the  laws  of  atomic  volume,  we  can  ascertain  the 
volumes  of  the  different  gases  resulting  from  any  particular  reaction.  The 
chemical  reaction  thrft  takes  place  between  the  elements  constituting 
the  different  gases  is  expressed  by  means  of  a  chemical  equation.  When 
we  have  expressed  such  reaction  by  a  chemical  equation,  we  can  then 
calculate  the  volumes  of  the  gases  formed,  with  respect  to  the  original 
volumes  of  the  gases  entering  into  the  reaction.  It  must  be  observed,  now- 
ever,  that  the  atomic  volumes  express  merely  the  relative  volumes  of  gases; 
or,  in  other  words,  the  ratio  of  the  volumes  of  gases  before  and  after  the 
reaction  takes  place. 

Laws  of  Volamo.— The  following  laws  of  volume  refer  to  gases  only,  and 
never  to  solids  or  liquids: 

J'tr«f.— Equal  volumes  of  all  gases,  under  the  same  conditions  of  tempera- 
ture and  pressure,  contain  the  same  number  of  molecules.  Hence,  the 
molecules  of  all  simple  eases  are  of  the  same  size. 

Second.— The  molecules  of  compound  gases,  under  like  conditions  of  tem- 
perature and  pressure,  occupy  twice  the  volume  of  an  atom  of  hydrogen  gas. 

There  are  very  few  exceptions  to  these  two  laws  of  gaseous  volume,  and 
the  exceptions  are  unimportant  so  far  as  mining  practice  is  concerned. 

An  element  is  a  form  of  matter  that  is  composed  wholly  of  like  atoms. 
Thus,  hydrogen,  oxygen,  iron,  copper,  gold,  and  silver  are  elements. 

Cbemieal  Symbols  end  Equations.— To  facilitate  the  writing  of  chemical 
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equations  expressing  the  reaction  that  takes  place  between  elements  andc^ 
certain  conditions,  it  is  usual  to  express  the  elements  by  letters  callfsil 
aymhols.  These  symbols  stand  for  the  elements  that  they  represent,  and  an| 
written  as  capital  letters,  except  where  two  letters  are  used  to  express  a 
symbol,  in  Which  case  the  first  letter  only  is  a  capital.  Thus,  O  is  the 
symbol  for  the  element  carbon,  but  Cu  is  the  symbol  for  copper  ( cuprum JT 
and  Co  is  the  symbol  for  cobalt.  It  is  important  that  these  sTmbols  be 
written  exactly  in  this  manner;  otherwise  thev  are  liable  to  be  fk>eQuent]y 
misconstrued.    For  example,  Co  stands  for  cobalt,  while  the  symbol    CO 

Table  of  Elements. 


Element. 


Aluminum  

Antimony  (stibium) 

Argon(?)   

Arsenic 

Barium  

Beryllium 

Bismuth 

Boron 

Bromine 

Cadmium 

Caesium 

Calcium 

Carbon  

Cerium  

Chlorina 

Chromium 

Cobaat 

Columbium 

Copper  (cuprum) 

Didymlum    

Erbium(?) 

Fluorina 

Gallium 

Grermanium 

Gold  (aurum) 

Helium(?) 

Hydrogen 

Indium 

Iodine 

Iridium 

Iron  (ferrum) 

Lanthanum 

Lead  (plumbum) 

Lithium 

Magnesium 

Mercury    ( hydrargy- 
rum)   


^ 

u«-: 

^ 

s-a 

I 

2*55 

qq' 

<5t 

Al 

27.5 

Sb 

120.0 

A 

As 

75.0 

Ba 

137.0 

Be 

9.4 

Bi 

208.0 

B 

11.0 

Br 

80.0 

Cd 

112.0 

Cs 

183.0 

Ca 

40.0 

C 

12.0 

Ce 

138.0 

CI 

35.5 

Or 

52.5 

Co 

59.0 

Cb 

93.7 

Cu 

63.0 

D 

147.0 

Er 

169.0 

F 

19.0 

Oa 

69.0 

Ge 

Au 

196.7 

He 

H 

1.0 

In 

113.4 

I 

127.0 

Ir 

193.0 

Fe 

56.0 

IM 

139.0 

Pb 

207.0 

Li 

7.0 

Mg 

24.0 

Hg 

200.0 

Manganese Mn 

Molybdenum. Mo 

Neodymium(?) Nd 

Nickel  Ni 

Niobium Nb 

Nitrogen N 

Osmium  Oa 

Oxygen 0 

Palladium Pd 

Phosphorus P 

Platinum Pt 

Pottasium  (kalium) K 

Pra8eodymmm(?)   Pr 

Rhodium Rh 

Rubidium  \Rb 


Ruthenium. 

Samarium(?) 

Scandium  

Selenium 

Silicon 

Silver  (argentum) 

Sodium  (natrium) 

Strontium  .• 

Sulphur  

Tantalum   

Tellurium  

Thallium 

Thorium 

Tin  (stannum) 

Titanium 

Tungsten  (wolfram)  ... 

Uranium , 

Vanadium  

Ytterbium 

Yttrium 

Zinc  

Zirconium 


55.0 
96.0 

58.8 
94.0 
14.0 

191.0 
16.0 

106.5 
31.0 

197.0 
39.0 

1O4.0 

86.0 

104.0 


79.0 
28.0 

106.0 
23.0 
87.5 
32.0 

182.0  . 

127.0 

205.0 

231.5 

108.0 
48.0 

184.0 

240.0 
5L2 

89.0 
65.0 
90.0 


stands  for  carbonic-oxide  gas.  which  is  a  chemical  compound  composed  of 
two  elements,  carbon  and  oxygen.  v  i     *   »     i 

A  molecule  is  expressed  by  writing  the  symbols  of  its  elementary  atoms. 
Where  more  than  1  atom  of  a  substance  or  element  enters  into  ihe  compo- 
sition of  a  molecule,  the  number  of  atoms  of  such  element  is  expressed  by  a 
small  subscript  letter  written  immediately  after  the  symbol  of  the  element 
Thus  carbonic-acid  gas  is  composed  of  1  atom  of  carbon  chemically  united 
with '2  atoms  of  oxygen,  and  is  expressed  by  the  symbol  (70».  Where  the 
--Tnbol  is  written  without  such  subscript  figure,  1  atom  only  is  meant. 
IS  carbonic-oxide  gas  being  composed  of  1  atom  of  carbon  chemically 
ted  to  1  atom  of  oxygen,  is  expressed  by  the  symbol  CO.  o 
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A  large  figure  written  before  the  symtols  expressing  the  molecule  indi- 
G4ktes  the  number  of  molecules  enteriug  Into  the  reaction.  A  large  figure  is 
somedznes  used  before  the  symbol  of  a  single  element  to  indicate  the  number 
c:»f  atoms  of  that  element  that  enter  the  reaction.  In  any  reaction  occurring 
iDetvFeen  atoms  of  matter,  no  matter  is  destroyed.  In  any  reaction,  there 
are  always  the  same  number  of  atoms  after  the  reaction  as  before  the 
^reaction  took  place.  A  chemical  equation  is  therefbre  an  expression  of 
equality  between  the  atoms  before  and  after  a  reaction  takes  place.  The 
lirst  member  of  the  equation  contains  the  substances  that  act  upon  each 
other,  while  the  second  member  of  the  equation  contains  the  substances 
that  are  formed  by  the  reaction.  The  number  of  atoms  is  the  same  in  each 
member  of  the  equation. 

Example.— To  express  the  reaction  that  takes  place  when  carbonic- 
oxide  gas  bums  in  the  air  to  produce  carbonic-add  gas,  we  write 
C0+0-|-4JV=  C0|  +  4ivr 
In  this  equation,  each  molecule  of  carbomc-oxide  gas  CO  takes  up  1  atom 
of  the  ft-ee  oxygen  of  the  atmosphere  to  form  carbonic-acid  gas  CO^,  The 
nitrogen  in  the  atmosphere  beine  4  times  the  volume  of  oxygen,  is  expressed 
as  4  atoms  in  the  equation.  This  nitrogen,  however,  remains  mactive,  and 
takes  no  part  in  the  reaction.  It  is  written  on  both  sides  of  the  equation  for 
the  purpose  of  determining  the  atomic  volumes  of  the  gases  before  and  after 
the  reaction,  as  explained  oelow. 

The  reaction  for  an  explosion  of  firedamp  is 

CJEZi  +  40  4-  16iV^  =  COi  +  2H^0  +  UN 
In  this  equation,  each  molecule  of  marsh  gas  CHa  is  dissociated;  that  is 
to  say,  its  atoms  are  separated.  The  atom  of  carbon  In  the  molecule  unites 
with  2  atoms  of  the  oxygen  of  the  air  to  form  carbonic-acid  gas  CO^.  The 
4  atoms  of  hydrogen,  in  like  manner,  combine  with  two  atoms  of  oxygen  in 
the  air  to  form  2  molecules  of  water  or  steam  2  {H^O)y  or  2HtO.  The  nitro- 
gen in  this  equation  is  equal  to  4  times  the  volume  of  the  oxygen  consumed, 
and  is  therefore  written  as  16iV,  since  a  total  of  4  atoms  of  oxygen  have 
been  used.  The  nitrogen  is  however  inert,  and  plays  no  part  In  the  reac- 
tion itself,  but  is  written  here  on  both  sides  of  the  equation,  as  in  the 
previous  equation,  in  order  to  properly  represent  the  atomic  volumes  of 
the  gases  or  their  relative  volumes  before  and  after  the  reaction  takes  place. 
Caioalstion  of  the  Relative  Volumes  of  Gases.— To  calculate  the  relative 
volumes  of  the  gases  before  and  after  the  reactions  expressed  in  each  of  the 
equations  given  in  the  preceding  paragraphs,  write  beneath  the  symbol 
or  each  molecule  or  atom  its  atomic  volume.  In  the  chemical  equation 
expressing  the  reaction  that  takes  place  when  carbonic-oxide  gas  CO  bums 
to  carbonic-acid  gas  CO^,  we  have  as  follows: 

CO  +  O  4-  4iV^  =  COa-l-  AN 
Atomic  volumes,  24-1+4=2  +   4 

or,  in  this  reaction,  7  volumes  have  been  reduced  to  6  volumes.  Such  a 
change  of  volume  often  takes  place  in  chemical  reactions.  All  attempts  to 
explain  the  cause  of  this  change  of  volume,  however,  have  thus  far  failed; 
but  that  the  change  of  volume  does  take  place  has  been  demonstrated  by  a 
large  number  of  experiments. 

To  calculate  the  volume  of  air  consumed  in  the  complete  explosion  of 
100  cu.  ft.  of  carbonic-oxide  gias  CO,  we  write  the  ratio  of  the  relative  volumes 
of  carbonic-oxide  gas  and  air,  which  is  2  :  (1  +  4),  or  2  :  5;  and  to  obtain  the 
actual  volume  of  air  consumed  In  the  explosion  of  100  cu.  ft.  of  carbonic- 
oxide  gas,  we  write  the  proportion  2 : 5 : :  100 :  as,  or  a;  =  -^ —  =  250  cu.  ft. 

To  find  the  volume  of  carbonic-acid  gas  CO^  produced  in  the  complete 
explosion  of  100  cu.  ft.  of  carbonic-oxide  gas  CO,  write  the  ratio  of  the  atomic 
volumes  of  these  two  eases  2  :  2,  which  shows  no  change  of  volume,  and, 
therefore,  the  volume  of  carbonic-acid  gas  CO^  produced  will  be  the  same  as 
the  volume  of  carbonic-oxide  gas  CO  burned. 

To  find  the  volume  of  air  consumed  in  the  complete  explosion  of  100 
cu.  ft.  of  marsh  gas  CH^,  write  the  equation  expressing  the  reaction  that 
takes  place  in  this  explosion  as  given  above, 

Clh  +  40  +  \%N  =  CO^  +  2^20  +  16iV 

Atomic  volumes,  2     +4+   16   =2+      4+16 

There  is  no  change  of  volume  caused  by  the  explosion,  since  22  volumes 
on  one  side  of  the  equation  produce,  likewise,  22  volumes  on  the  other  side* 
or  22  volumes  before  the  explosion  produce  22  volumes  after  the  explosion 
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To  find  the  yolume  of  air  consumed,  we  write  the  ratio  of  tlie  atomic  I 
volumes  of  marsh  gas  and  air  2  :  (4  +  16),  or  2  :  20,  or  1  :  10;    tliat  ia  to  ^ 
say,  roughly  speaking,  the  amount  of  air  consumed  in  the  complete  explo- ' 
sion  of  marsh  gas  is  10  times  the  volume  of  the  marsh  gas.    This  is  not  exact, 
however,  as  the  volume  of  nitro&fen  in  the  air  is  3.83  times  tlie  volume  of 
oxygen.   Making  this  correction,  the  volume  of  air  consumed  in  the  comiplete 
explosion  of  marsh  gas  is  9.66  times  the  volume  of  the  gas. 

To  determine  the  percentage  of  pure  marsh  gas  in  the  ahove  firedamp 
mixture  (marsh  gas  and  air),  we  write  the  ratio  of  the  atomic  volumes  of 

these  two,  2  :  (2  +  4  +  15.32),  or  1 :  10.66;  and  -^  X  100  =  9.385t  of  CJOf 

The  volume  of  carbonic-acid  gas  formed  in  this  reaction  is  equal  to  the 
volume  of  iharsh  gas  consumed,  and  the  volume  of  watery  vapor  is  doable 
the  volume  of  marsh  ^as  consumed;  the  total  volume  of  gas  and  vapor 
formed  by  the  reaction  is  the  same  as  the  original  volume  of  marsh  gas  and 
air,  or  firedamp  mixture,  since  the  sum  of  the  atomic  volumes  on  each  side 
of  the  equation  is  the  same. 

Atomic  weight  is  the  relative  weight  of  an  atom  of  an  element  compared 
with  an  atom  of  hydrogen.  Atonuc  weight  is,  then,  not  an  absolute  "weight 
to  be  expressed  in  pounds,  ounces,  or  any  other  denomination,  but  is  simply 
relative  weight.  The  atomic  weight  of  each  of  the  elements  is  given  in  the 
table  on  page  342. 

Molecular  weight  is  the  sum  of  the  atomic  weights  of  the  elements  forming 
the  molecule,  taking  the  atomic  weight  of  each  element  as  many  times  as 
there  are  atoms  of  that  element  in  the  molecule.  A  molecule  of  water  is 
composed  of  2  atoms  of  hydrogen  and  1  atom  of  oxygen,  and  as  the  atomic 
weight  of  hydrogen  is  1  and  that  of  oxygen  16,  the  molecular  weight  of 
water  is  (2  X  1)  +  16  =  18.  In  the  same  manner,  since  a  molecule  of  marsh 
gas  CH4  is  composed  of  4  atoms  of  hydrogen  and  1  of  carbon,  and  the  atomic 
weight  of  hydrogen  is  1  and  that  of  carbon  12,  the  molecular  weight  of  marsh 
gas  is  (4  X  1)  +  12  =  16. 

The  density  of  a  gas  is  the  weight  of  any  volume  compared  wiUi  the 
weight  of  the  same  volume  of  hydrogen  or  some  other  standard.  The 
density  of  a  gas  is  constant  at  all  temperatures  and  pressures,  the  change 
of  temperature  and  pressure  affecting  the  gas  in  question  and  the  standard 
alike.    The  density  of  air  referred  to  hydrogen  is  14.38. 

(a)  The  density  of  any  simple  gas,  r^erred  to  hydrogen  as  unity,  is  equal  to 
its  atomic  weight.  (0)  The  density  0/  any  compound  gas,  r^erred  to  hydrogen 
as  unity,  is  one-fiatf  of  its  molecular  weight. 

Specific  Gravity  of  Gases.— The  specific  gravity  of  a  gas  is  the  weight  of 
that  gas  referred  to  the  weight  of  a  like  volume  of  air  as  a  standard.  It  is, 
in  other  words,  the  ratio  between  the  weight  of  like  volumes  of  any  gas  and 
air,  both  the  air  and  gas  being  subject  to  the  same  temperature  and  pressure. 
Thus,  since  the  weight  of  1  cu.  ft.  of  air  at  a  temperature  of  60°  P.  and  80  in. 
barometric  pressure  is  .0766  lb.,  and  the  weight  of  1  cu.  ft.  of  carbonic-acid 
gas  CO2  is  .11712  lb.  at  the  same  temperature  and  pressure,  the  specific 

11712 
gravity  of  carbonic-acid  gas  is  '  _..-   =  1.529. 

.0700 

Weiglit  of  Gases.— The  weight  of  1  cu.  ft.  of  any  gas  at  any  given  tempera- 
ture and  pressure  is  found  by  first  calculating  the  weight  of  1  cu.  ft.  of  dry 
air  at  the  same  temperature  and  pressure  by  means  of  the  formula  given  on 
page  338  for  air,  and  then  multiplying  this  weight  by  the  specific  gravity  of 
the  gas  referred  to  air  as  a  standard. 

Example.— To  determine  the  weieht  of  1  cu.  ft.  of  carbonic-acid  gas  ata 
temperature  of  60°  F.,  and  30  in.  barometric  pressure,  we  multiply  the 
weight  of  1  cu.  ft.  of  dry  air,  at  this  temperature  and  pressure,  as  found 
above  (.0766  lb.),  by  the  specific  gravity  of  carbonic-acid  gas  (1.529).  Thu& 
.0766X1.529  =  .117121b. 

The  table  on  page  349  gives  the  specific  gravity  of  the  gases  common  in 
mining  practice,  referred  to  air  as  a  standard. 

Expansion  of  Air  and  Gsses.— All  air  and  gases  expand  uniformly  at  the 
same  rate.  The  expansion  and  contraction  of  air  and  gases  follow  two 
simple  laws  that  we  will  consider  under  the  heads  (a)  Ratio  of  volume  and 
absolute  temperature  and  (b)  Ratio  of  volume  and  absolute  pressure. 

Absoiute  tempersture  means  the  temperature  as  reckoned  fh>m  absolute 

->.  which  is  the  point  on  the  temperature  scale  below  which  it  is  assumed 
no  substance  can  exist  in  a  gaseous  state.    The  absolute  zero  of  the 
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Pahrenheit  scale  is  assamed  in  mining  practice  as  459^  below  zero.  Hence, 
the  abeolute  temperature  corresponding  to  any  common  temperature  is 
found  by  adding  459°  to  the  common  temperature.  Thus,  the  absolute 
temperature  corresponding  to  60°  F.  is  469  -f  60  =  619°. 

AbsolHte  Pressure.— The  term  absolute  pressure  refers  to  the  total  pressure 
supported  by  air  or  gas;  i.  e.,  the  pressure  above  a  vacuum.  Qauae  pressure 
is  the  pressure  above  the  atmosphere.  Absolute  pressure  is  always  the 
atmospneric  pressure  plus  the  gause  pressure.  If  a  gauge  pressure  on  a 
boiler  indicates  60  lb.  per  sq.  in.,  the  absolute  pressure  supported  by  the 
steam  in  the  boiler  will  be  60  + 14.7  ^  74.7  lb.  per  sq.  in.  Or,  if  the  veptila- 
ting  pressure  in  a  mine  is  equal  to  13  lb.  per  sq.  ft.,  the  absolute  pressure 
supported  by  the  air  in  the  airways  will  be  13  +  (14.7  X 144)  =  2,129.8  lb. 
per  sq.  ft. 

Relation  of  Volame  end  Abeolute  Tempereture  (Charles'  or  Qay  Lutsac^alaw). 
The  volume  of  any  air  or  gas  varies  directly  as  its  dbsoltUe  temperature. 

Relation  of  Volame  end  Absolute  .Pressure  (Boyle's  or  Mariotte's  law).— The 
volume  of  any  air  or  pas  varies  inversely  as  the  absolvle  pressure  it  supports. 
For  example,  if  we  double  the  absolute  pressure  supported  by  air  or  gas, 
the  volume  of  the  air  or  gas  will  be  reduced  to  one-half  its  original  volume; 
if  we  multiply  the  absolute  pressure  3  times,  we  reduce  the  volume  to  one- 
third  the  ons^nal  volume;  etc. 

Example.— The  intake  current  of  a  mine  is  50,000  cu.  ft.  of  air  per  minute; 
the  ventilating  pressure  is  13  lb.  per  sq.  ft.  The  temperature  of  the  intake  is 
20°  F.;  the  temperature  of  the  return  air  is  70°  F.  Calculate  the  volume  of 
the  return  air-current  per  minute,  according  to  the  rules  of  expansion  of  air, 
due  to  the  increase  of  temperature  and  decrease  of  pressure,  in  the  return 
current. 

The  increased  volume  of  the  return  air,  due  to  the  decrease  of  pressure 
and  increase  of  temperature,  is  found  by  writing  a  compound  proportion, 
the  first  member  of  wnich  consists  of  two  ratios,  viz.,  the  direct  ratio  of  the 
absolute  temperatures,  and  the  inverse  ratio  of  the  absolute  pressures,  accord- 
ing to  the  two  laws  stated  above.    That  is,  we  write 


(459  +  20)  :  (459  4- 70)>..  go  000 
2,116.8     :      2.129.8    /  '  *  '^•"""  *  *' 


^  629X2,129.8X50,000        ..  .„ 

or,  X  = ^± _-- -^-^  =  55.558  cu.  ft. 

Example.— In  a  compressed-air  plant,  the  gau^e  shows  a  pressure  of  80  lb. 
per  sq.  in.;  the  area  of  the  piston  is  20  8(i.  in.,  and  its  stroke  10  in.  The  pump 
makes  100  strokes  per  minute.  Assuming  there  is  no  leakage  of  air  past  the 
piston,  what  will  be  the  volume  of  air  discharged  flrom  the  pump  into  the 
mine  per  minute? 

The  volume  of  air  discharged  from  the  pump  cylinder  per  minute 

=  ^  ^}'j^ =  11-^'^  ^^-  ^-  (cylinder  pressure).    The  absolute  pressure 

on  the  air  in  the  cylinder  is  80  -f  14.7  ==  94.7  lb.    The  absolute  pressure  on 
the  discharged  air  is  simply  the  atmospheric  pressure  (14.7  lb.).    Hence,  we 

write  the  proportion  14.7  :  94.7  : :  11.57  : «;  or,  a;  =  ^  X  11.57  =  74.64  cu.  ft. 

per  minute,  nearly. 

In  calculating  the  expanded  volume  of  air  or  gas,  it  will  be  observed  that 
the  ratio  of  the  original  volume  to  the  expanded  volume  is  always  equal  to 
the  product  of  the  direct  ratio  of  the  absolute  temperatures  and  the  inverse 
ratio  of  the  absolute  pressures,  which  gives  a  compound  proportion,  the  flrst 
member  of  which  consists  of  two  ratios,  the  one  a  direct  ratio  and  the  other 
an  inverse  ratio. 

Weight  Produces  Pressure.- In  the  study  of  the  barometer  as  a  means  of 
measuring  atmospheric  pressure,  we  observe  that  the  weight  of  the  atmos- 

8 here  pr^uced  tbe  atmospheric  i)ressure.  In  like  manner,  the  weight  of  all 
uids  produces  pressure,  and  this  pressure  acts  equally  in  all  directions. 
This  is  an  Important  consideration  in  the  study  of  mine  ventilation,  since  it 
has  given  rise  to  the  measurement  of  pressure  by  air  or  motive  columns. 

Celooletien  of  Pressure.— An  air  column,  or  motive  column,  in  ventilation, 
is  a  colimin  of  air  having  a  base  of  1  sq.  ft.,  and  of  such  height  that  its  weight 
shall  be  equal  to  any  given  pressure.  To  calculate  the  height  of  air  column 
corresponoing  to  any  given  pressure,  divide  the  pressure  in  pounds  per 
aqucu'e  foot  by  the  weight  of  1  cu.  ft.  of  the  air.    Mine  pressure  is  also 
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measured  by  the  water  column  that  it  will  support,  as  in  the  water  grauge,  or  to 

the  mercury  column,  as  in  the  barometer.    In  the  measurement  of  preasoiw 

by  means  of  the  water  column,  the  weight  of  the  water  columxi  must  ott 

equal  to  the  pressure,  area /or  area. 

Since  the  weights  of  these  columns  are  proportional  to  their  sectiozuu  areas, 

it  makes  no  difference  what  this  area  may  be,  the  weight  of  tJb.e  column 
calculated  for  a  sectional  area  of  1  sq.  in.  will 
equal  the  pressure  per  square  inch  th&t  supports 
the  same. 

Hence,  since  1  cu.  in.  of  mercury  weigrb.s  .49  lb., 
.49  X  30  ==  14.7  lb.  is  the  atmospheric  pressure 
corresponding  to  a  height  of  30  in.  of  mercuiy,  or. 
as  we  say,  30  m.  of  barometer.  If  we  consiaer  a 
cubical  box,  as  shown  in  the  accompanying 
figure,  holding  exactly  1  cu.  ft.  of  water,  and 
assume  the  weight  of  the  water  to  be  62.5  lb., 
as  is  usual  in  practice,  and  divide  the  bottom  of 
the  box  into  144  sq.  in.,  as  shown  in  Fig.  1,  we 
■  /«-——•  observe: 

Fig.  1.  (a)    The  pressure  of  the  water  on  the  bottom 

of  the  box  is  equal  to  the  weight  of  the  water, 

62.5  lb.;  that  is  to  say,  the  pressure  per  square  foot  due  to  1ft.  of  water  column 

is  6t.6  lb. 

(b)  The  pressure  on  the  bottom  of  the  box,  when  the  water  is  only 
1  in.  deep,  is  equal  to  the  weight  of  a  layer  of  water  1  in.  thick,  or 

—'-  =  5.2  lb.;  or,  the  pressure  per  square  foot  due  to  1  in.  of  wcUer  column 

is  6.i  lb. 

(c)  The  pressure  per  square  inch  on  the  bottom  of  the  box  is  equal  to 
the  weight  of  a  prism  of  water  1  ft.  high,  and  having  a  base  of  1  sq.  in. 
62  5 

——■  =  .434;  or,  the  pressure  per  square  inch  due  tolft.qf  water  column  is  .iSA  fl». 

These  principles  relating  to  the  pressure  of  fluids  are  important  to  the 
student  oi  mining,  of  which  the  following  are  examples: 

1.  In  a  mountainous  country,  several  thousand  feet  above  sea  level, 
where  the  barometer  registers,  say,  only  21  in.,  it  is  desired  to  know  the 
theoretical  height  a  pump  will  draw.     .49  X  21  =  10.29  lb.  atmospheric 

pressure,  and  -^  =  24  ft.,  nearly.  The  theoretical  suction,  in  this  instance, 

is  24  ft.,  nearly,  but  the  actual  draft  or  suction  would  vary  from  f  to  |  of 
this,  according  to  the  perfection  of  the  pump. 

2.  The  water-gauge  reading  between  the  intake  and  return  airways  of  a 
certain  mine  is  2.5  in.;  to  determine  the  pressure  per  square  foot,  we  have, 
2.5  X  5.2  =  13  lb.  per  sq.  ft. 

3.  To  determine  the  pressure  per  square  foot  on  a  mine  dam,  due  to  a 
vertical  head  of  200  ft.,  62.5  X  200  =  12,500  lb. 

4.  To  express  in  air  column  or  motive  column,  a  mine  pressure  equivalent 
to  a  water-gauge  reading  of  3  in.,  assuming  the  temperature  of  the  air  to  be 
60°  F.  and  the  barometnc  pressure  30  in.,  we  have  for  the  weight  of  1  cu.  ft. 

1  3253  X  30 
of  air  at  this  temperature  and  pressure  w  =    '  =  .0766  lb.     The 

pressure  per  square  foot  due  to  3  in.  of  water  gauge  is  3  X  5.2  =  15.6.    Then, 

we  have  for  motive  column,  m  =  -— ^  =  204  ft. 
.076o 

Diffusion  and  Transpiration  of  Gases.— Diffusion  of  gases  means  the  mixing 
of  the  ^Lseous  volumes.  Graham  took  several  glass  tubes,  and  inserting  in 
one  end  of  each  a  plug  of  plaster  of  Paris  that  was  porous,  he  filled  each 
tube  with  a  different  gas;  as  for  example,  oxygen,  hydrogen,  nitrogen,  etc. 
He  then  placed  the  open  end  of  each  inverted  tube  m  a  basin  of  mercurv, 
supporting  the  tubes  in  an  erect  position.  The  gas  in  each  tube  immedi- 
ately began  to  difflise  through  the  porous  plaster  plug  into  the  atmosphere, 
and  it  was  observed  that  the  mercury  rose  in  each  tube  to  take  the  place  of 
the  gas  that  passed  into  the  atmosphere.  The  mercury  rose  in  the  hydrogen 
tube  4  times  as  fast  as  in  the  oxygen  tube,  and  in  the  other  tubes  the  mer> 
^ury  rose  at  different  rates. 

Rate  of  Diffusion  (Grsham's  Law).— The  rate  of  diffusion  of  gases  into  air  is 
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n  tlie  inverse  ratio  of  the  square  roots  of  their  densities.  The  density  of 
jxygen  being  16  and  hydrogen  1,  the  rate  of  diflftision  of  oxygen  as  compared 
ivitli  liydrogen  is  1  to  4;  that  is  to  say,  the  rate  of  diflftision  of  oxygen  is  only 
one-fourth  that  of  hydrogen. 

Table  Showing  the  Cossespondino  Mercury  and  Air  Columns,  and 
Pressure  per  Square  Foot  for  Each  Inch  of  Water  Column. 


ater  Gauge. 
Inches. 

jury  Column. 
Inches. 

Ir  Column. 
T.  60°,  B.  30"). 

Pressure, 
per  8q.  Ft. 

fttei  Gauge. 
Inches. 

;ury  Column. 
Inches. 

Pressure, 
perflq.  Ft. 

^ 

g 

^^ 

s 

^ 

s 

■•<:r 

s 

:? 

1 

•s 

1 

1 

.0735 

68 

5.2 

6 

.4412 

407 

31.2 

2 

.1471 

136 

10.4 

7 

.5147 

475 

36.4 

3 

.2206 

204 

15.6 

8 

.5882 

543 

41.6 

4 

.2941 

272 

20.8 

9 

.6618 

611 

46.8 

5 

.8676 

340 

26.0 

10 

.7353 

679 

52.0 

Table  Showing  the  Correspondino  Water  Column,  and  Pressure  per 
Square  Foot  for  Each  Inch  of  Mercury  Column. 


Barometer. 

Water  Colamn. 

Preaiure. 

Water  Colamn. 

Pressure. 

Inehea. 

Feet. 

Lb.  per  8q.  In. 

Inohes. 

Feet. 

Lb.  per  Sq.  In. 

1 

1.13 

.49 

16 

18.13 

7.84 

2 

2.27 

.96 

17 

19.27 

8.33 

3 

8.40 

1.47 

18 

20.40 

8.82 

4 

4.54 

1.96 

19 

21.53 

9.31 

5 

5.67 

2.45 

20 

22.67 

9.80 

6 

6.80 

2.94 

21 

23.80 

10,29 

7 

7.93 

3.43 

22 

24.93 

10.78 

8 

9.06 

3.92 

23 

26.07 

11.27 

9 

10.20 

4.41 

24 

27.20 

11.76 

10 

11.33 

4.90 

25 

28.33 

12.25 

11 

12.46 

5.39 

26 

29.47 

12.74 

12 

13.60 

6.88 

27 

80.60 

13.23 

13 

14.73 

6.37 

28 

31.73 

13.72 

14 

15.87 

6.86 

29 

32.87 

14.21 

15 

17.00 

7.35 

30 

34.00 

14.70 

Note.— One  foot  of  water  column  is  equivalent  to  a  pressure  of  .434  lb.  per 
sq.  in.  The  weight  of  air  at  60°  F.,  barometer  30  in.,  is  ,|^  the  weight  of 
water;  but  the  ratio  of  air  to  water  is  often  assumed  as  1.2 : 1,000,  for  quick 
calculation.  The  specific  gravity  of  mercury  at  32°  F.  (standard  tempera- 
ture for  barometric  readings)  is  13.62;  and  a  cubic  foot  of  mercury  at  this 
temperature  weighs  849  lb.  Forjordinary  calculation,  the  weight  of  1  cu.  ft. 
of  water  is  taken  as  62.5  lb.  The  exact  weight  of  1  cu.  ft.  of  pure  water,  at  a 
temperature  of  32°  F.,  is,  however,  62.418  lb. 

The  division  of  marsh  gas  (8p.  Gr.  .659)  is  much  more  rapid  than  that  of 
carbonic-acid  gas  (Sp.  Gr.  1.529).  The  diflPusion  of  gases,  however,  is  greatly 
assisted  by  the  movement  of  the  air-current;  or  by  the  movement  of  the  gas 
as  it  tends  to  rise  or  fall,  according  to  its  relative  density  and  position  in  the 
airway.  For  example,  suppose  a  gas  feeder  to  be  located  in  the  floor  of  an 
airway.   The  marsh  gas  given  off  fW)m  the  feeder,  being  lighter  than  air. 
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tends  to  rise  toward  the  roof.    The  action  of  rising  helps  a  diflftislon  of  t--- 
gas  very  much.    On  the  other  hand,  a  feeder  located  in  the  roc^  g^ves  off  tbil 
same  gas,  which  tends  to  accumulate  along  the  roof,  and  if  the  air-cuneiA 
is  at  all  sluggish  at  this  point,  the  difihsion  of  the  marsh  gas  will  be  oomptf-  \ 
atively  slow.    It  often  happens  that  a  feeder  in  the  roof  or  other  high  point  i 
of  the  workings  gives  off  eas  more  quickly  than  dififbsion  can  take  place,  ' 
where  the  air-current  is  sluggish.    This  results  in  the  accumulation  of  a  ' 
body  of  pure  marsh  gas  at  this  point.    In  like  manner,  we  often  have  an 
accumulation  of  a  large  body  of  carbonic-acid  gas,  or  blackdamp,  near  the 
floor  or  other  low  place  in  the  mine  workings,  where  the  air-current  is 
sluggish  and  where  the  blackdamp  is  formed  quicker  than  difitision  takes 
place. 

Limit  of  DifTusion.— The  diffusion  of  ^ases  continues  to  take  i>lace  until  the 
mixture  of  the  gases  is  uniform.  It  is  a  curious  fact  that  this  takes  place 
earlier  or  quicker  in  the  case  of  gases  whose  densities  differ  widely,  than  where 
the  densities  of  the  two  gases  are  nearly  alike.  Thus,  saturation  will  take 
place  more  quickly  in  the  diffusion  of  carbonic-acid  gas  into  air  than  in  the 
diffusion  of  firedamp  into  air,  although  the  rate  of  diffusion  of  the  latter  is 
greater  than  of  the  former,  firedamp  being  lighter  than  carbonic-acid  gas. 

The  property  of  diffusion  is  of  the  greatest  importance  in  the  ventilation 
of  mines,  since  it  is  owing  to  this  that  the  air-current  is  enabled  to  sweep 
away  these  gases  fh)m  their  lurking  places  in  the  workings  more  rapidly 
and  effectually  than  it  otherwise  could. 

Tranapiration  of  gaaos  Is  the  exuding  of  the  erases  flrom  the  pores  of  the  cwal 
in  which  they  are  contained.  It  is  a  well-Kuown  feet  that  transpiration 
takes  place  more  rapidly  ftom  a  newly  exposed  face  of  coal.  This  is  owing 
to  the  fact  that  the  gas  pent  up  in  the  coal,  or  occluded  in  the  seam,  tends 
to  escape  at  the  first  opportunity,  when  the  seam  is  exposed  to  the  atmos* 
phere.  The  gas  is  under  a  certain  pressure,  as  we  have  previously  observed, 
and,  as  the  mine  workings  penetrate  the  coal  seam,  the  gases  are  forced 
outward  from  the  coal  by  their  own' pressure,  thus  expanding  into  the  air  oi 
the  mine. 

The  transpiration  of  gas  from  coal  seams  differs  very  widely,  in  some 
seams  it  being  so  rapid  and  violent  as  to  splinter  and  break  the  coal  in  its 
effort  to  escape.  It  frequently  causes  a  crackling  sound  peculiar  to  a  very 
gaseous  seam,  and  in  some  cases,  causes  fine  coafto  be  thrown  into  the  fiice 
of  the  miner. 

GASES    FOUND    IN    MINES. 

OxyEon  O  is  a  colorless,  odorless,  tasteless,  non-poisonous  gas.  It  is  heavier 
than  air,  having  a  specific  gravity  of  1.1056.  It  is  the  great  supporter  of  life 
and  combustion.  Oxidation,  or  the  union  of  any  of  the  elements  with 
oxygen,  is  simply  another  tern;  for  combustion  in  its  broadest  sense.  Most 
forms  of  matter  containing  carbon  are  easily  decomposed  at  certain  temper- 
atures, through  carbon  seeking  to  combine  with  the  oxygen  of  the  air  to 
form  carbonic-acid  gas  CO^.  This  union  of  the  oxygen  with  other  elements, 
or  oxidation,  takes  place  at  all  temperatures.  It  is  less  active  when  the 
temperature  is  low,  and  is  then  known  as  slow  condnjoHon.  An  example  of 
this  is  found  in  the  gob  fires  that  occur  so  frequently  in  mine  workines. 
The  fine  coal  that  is  so  often  thrown  back  into  the  gob  is  acted  on  first  by 
moisture,  and  as  its  temperature  rises,  carbonic-oxide  gas  is  formed  in  small 
quantities  by  the  union  of  the  carbon  of  the  coal  with  the  oxygen  of  the  atr; 
as  the  temperature  rises,  more  gas  is  formed.  Heat  is  caused  by  the  chemical 
action  due  to  the  interchange  of  the  atoms,  this  heat  being  often  sufficient  to 
ignite  the  gas  formed,  spontaneous  or  active  combustion  resulting.  Oxygen 
is  the  element  in  the  atmosphere  on  which  all  life  depends. 

Mitrogon  iV^  is  a  colorless,  odorless,  and  tasteless  gas;  it  is  neither  combus- 
tible nor  a  supporter  of  combustion;  it  is  not  poisonous,  and  is  lighter  than 
air,  having  a  specific  gravity  of  .9713.  Nitrogen  is  a  particularly  inert  gas;  it 
takes  no  active  part  in  any  combustion,  in  the  sense  of  causing  such  com- 
bustion. Its  province  is  to  dilute  oxygen  of  the  atmosphere,  on  which 
life  depends.  Were  it  not  for  this  dilution,  oxidation  would  be  too^  rapid, 
and  not  as  completely  under  control  as  at  present.  The  effect  of  nitrogen 
on  human  life  would  be  to  suffocate,  if  breathed  pure,  inasmuch  as  it  would 
exclude  oxygen  from  the  lungs.    Nitrogen  itself  nas  no  life-giving  power. 

Marsh  gas  CH^,  often  called  liaht  carbureted  hydrogen,  or  methane,  is  a 
chemical  compound,  consisting  of  4  atoms  of  hydrogen  to  1  atom  of  carbon. 
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It  is  one  of  the  chief  gases  occluded  in  coal  seams,  and  results  from  the 
metamorphism  of  the  carbonaceous  matter  from  which  coal  is  formed,  when 
such  metamorphism  has  taken  place  with  the  exclusion  of  air,  and  in  presence 
of  water.  Pure  marsh;  gas  is  colorless,  odorless,  and  tasteless,  and  is  lighter 
than  air.  Its  specific  gravity  is  .559,  and  it  diffuses  rapidly  in  the  air,  forming 
a  firedamp  mixture.  Marsh  gas  burns  with  a  blue  flame,  but  it  will  not 
support  combustion,  and  a  lamp  placed  in  it  is  immediately  extinguished. 
In  the  mine,  it  is  a  difficult  matter  to  place  a  lamp  in  a  body  of  pure  marsh 
gas,  since  the  gas  diffuses  so  rapidly  that  a  firedamp  mixture  always  sur- 
rounds a  body  of  pure  gas,  which  may  exist  high  up  in  some  cavity  of  the 
roof;  or  at  the  face  of  a  steep  pitch  where  the  circulation  is  slow  and  the 
feeder  at  the  face  is  giving  on  a  large  amount  of  gas.  The  flaming  of 
the  lamp  in  passing  through  a  firedamp  mixture  would  at  once  cause  the 
withdrawal  of  the  lamp  before  reaching  the  body  of  pure  marsh  gas.  But 
could  &  lamp  be  placed  in  a  body  of  pure  marsh  gas,  it  would  be  exttuguished 
at  once.  Marsh  gas  is  not  poisonous,  and  when  mixed  with  air  in  sufficient 
proportion,  it  may  be  breathed  for  a  considerable  time  with  impunity  (see 
Firedamp).  Pure  marsh  gas  does  not  support  life,  but  suffocates  by  exclu- 
dinjr  oxyo^n  from  the  lungs. 

Other  Hydroosrbons.— All  gases  that  are  compounds  of  carbon  and  hydrogen 
are  called  hydrocarbons.  Of  these,  the  chief  member  is  marsh  gas,  or  light 
carbureted  hydrogen,  described  in  the  preceding  paragraph;  the  other 
hydrocarbons  are  called  heavy  hydrocarbons.  The  chief  of  these  are  olefiant 
gas  C^^^  c^i^d  ethane  CzH^.  Both  of  these  gases,  like  marsh  gas,  are  the 
result  of  the  metamorphism  of  carbonaceous  matter,  during  the  mrmation  of 
the  coal,  but  unlike  marsh  gas,  they  have  been  produced  in  the  absence  of 
water,  and  as  a  result  they  contain  a  larger  percentage  of  carbon  than 
marsh  gas.  They  always  exist  in  common  with  marsh  gas,  as  occluded  gases 
in  coal  seams,  but  to  a  mr  less  extent.    Each  of  these  gases  possesses  a  higher 


illuminating  power,  burning  with  a  brighter  flame  than  marsh  gas.  Tius  is 
due  to  the  larger  percentage  of  carbon  present  in  their  composition.  Their 
remaining  proi>ertie8  are  very  similar  to  the  properties  given  for  marsh  gas; 
they,  however,  when  present  in  a  firedamp  mixture,  lower  the  temperature 
of  Ignition,  and  render  the  mixture  more  dangerous  than  it  would  be 
otherwise. 

Constants  for  Mine  Qaeee.— The  following  table  shows  the  symbols,  specific 
gravities,  and  relative  velocities  of  diffusion  and  transpiration  of  the  principal 
mine  gases,  arranged  in  the  order  of  their  specific  gravities,  air  beingtaken  asl. 
The  values  given  in  the  next  to  the  last  column  of  this  table  were 
obtained  by  experimenting  with  the  gases,  and  agree  qiiite  closely  with 
the  calculated  values  given  in  the  preceding  column.  From  this  column 
we  see  that  1,344  volumes  of  marsh  gas  will  difflise  in  the  same  time  as  1,000 
volumes  of  air,  or  812  volumes  of  carbonic-acid  gas. 

Table  of  Mine  Gases. 


N«me  of  Gas. 

Symbol. 

Speciflo 
Gravity. 

1 
VSpTOr. 

Relative  Velocity 
of  Diffusion. 
(Air  =  1.) 

1.000 
.812 

.95 

•.9487 
1.0191 
1.0143 
1.0149 

1.344 
3.a3 

Relative  Velocity 

of  Tranapiration. 

(Air  =  1.) 

Air 

Carbonic  acid 

Sulphureted     hy- 
drogen  

Oxygen  

Olefiant 

Nitrogen 

Carbonic  oxide  ... 

Steam 

Marsh  gas 

Hydrogen 

C0.2 

en. 

CO 
CH. 

1.00000 
1.529 

1.1912 
1.1056 
.978 
.9713 
.967 
.6235 
.559 
.06926 

1.0000 
.8087 

.9162 
.9510 
1.0112 
1.0147 
1.0169 
1.2664 
1.3375 
3.7794 

1.0000 
1.2371 

.903 
1.788 
1.0303 
1.034 

1.639 
2.066 

Csrbenio-oxide  gee  CO,  often  called  whitedamp,  is  a  chemical  compound 
consisting  of  1  atom  of  carbon  united  to  1  atom  of  oxygen.    To  a  certain 
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extent  it  occurs  as  an  occluded  gas  in  coal.  It  is  chiefly  formed,  howeTe) 
in  coal  mines,  by  the  slow  combustion  of  carbonaceous  matter  in  the  gobsc 
waste  places  of  the  mine,  where  the  supply  of  air  is  limited.  It  is  always  tU 
product  of  the  slow  combustion  of  carbon  in  a  limited  supply  of  air.  Iti 
therefore  one  of  the  chief  products  of  gob  fires,  and  is  also  a  product  of  th< 
explosion  of  powder  in  blasting.  This  gas  often  fills  the  crevice  mad< 
beCdnd  a  standing  shot,  and  causes  the  flash  that  takes  place  when  thi 
miner  puts  his  lamp  behind  such  shot  to  examine  the  same.  This  ^  h 
formed  in  large  quantities  whenever  the  flame  of  a  blast  or  explosion  ii 
projected  into  an  atmosphere  in  which  coal  dust  is  suspended.  The  force  oi 
a  blast  often  blows  the  dust  into  the  air,  and  the  flame  actin^^  on  it  distilj 
carbonic-oxide  gas. 

Carbonic-oxide  gas  is  lighter  than  air,  having  a  specific  gravity  of  .967. 
and  it  therefore  accumulates  near  the  roof  and  in  the  higrher  wOTkiug 
places.  It  is  colorless,  odorless,  and  tasteless.  It  is  combustible,  bumiii|: 
with  a  light-blue  flame.  This  is  the  flame  often  seen  over  a  ft-esbly  M 
anthracite  fire.  It  is  also  a  supporter  of  combustion,  being  the  only  mine 
gas^that  bums  and  also  supports  combustion.  This  property  leads  to  verr 
important  results  in  mines,  inasmuch  as  it  lengthens  the  name  of  a  lamp  or 
the  flame  of  a  blast.  Any  flame  is  fed  by  this  gas,  and  is  thereby  transmitted 
through  the  mine  airways,  from  one  point  to  another.  The  same  property 
extends  very  widely  an  otherwise  local  explosion.  Tliis  gas  has  the  widest 
explosive  range  of  any  gas  known  to  mining,  except  hydrogen.  The  eflFect 
of  Its  presence  in  firedamp  mixtures  is  always  to  widen  the  explosive  range 
of  the  firedamp,  causing  it  to  become  explosive  in  larger  and  smaller 
proportions  than  it  otherwise  would.  Carbonic-oxide  gas  is  a  very  poison- 
ous gas,-  and  acts  on  the  human  system  as  a  narcotic,  producing  drowsiness 
or  stupor,  followed  by  acute  pains  in  the  head,  back,  and  limbs,  and  after- 
ward oy  delirium.  It  acts,  when  breathed  into  the  lungs,  to  absorb  the 
oxygen  ftom  the  blood,  or,  in  other  words,  poisons  the  blood.  . 

Carbonic-oxide  gas  is  detected  in  mine  workings  by  its  effect  on  the  flame 
of  a  lamp,  which  burns  more  brightly  in  the  presence  of  the  gas,  and  reaches  I 
upwards  as  a  slim,  quivering  taper,  having  often  a  pale-blue  tip  that, 
however,  is  not  readily  observed.  I 

Carbonic-acid  its  CO2,  often  called  blackdamp  or  chokedamp,  is  a  chemical 
compound  consisting  of  1  atom  of  carbon  united  to  2  atoms  of  oxygen.  It  is  ' 
heavier  than  air,  having  a  specific  gravity  of  1.529.  It  therefore  accumulates 
near  the  floor  or  in  the  low  places  of  the  mine  workings.  It  is  always  the 
result  of  the  complete  combustion  of  carbon  in  a  plentiful  supply  of  air,  and 
is  a  product  of  the  breathing  of  men  and  animals,  burning  of  lamps,  or  any 
other  complete  combustion.    It  is  always  present  in  occluded  gases. 

Carbonic-acid  gas  is  a  colorless,  odorless  gas,  but  possesses  a  peculiarly 
sweet  taste,  which  may  be  detected  in  the  mouth  when  it  is  inhaled  in  large 

?[uantities.  It  is  not  combustible,  nor  is  it  a  supporter  of  combustion. 
jamps  are  at  once  extinguished  by  it.  It  difl^ises  slowly  into  the  atmosphere, 
and  is  a  difficult  gas  to  remove  in  ventilating.  It  is  not  poisonous,  but  acts 
to  suffocate  by  excluding  oxygen  f^om  the  lungs.  Its  effect,  when  breathed 
for  any  length  of  time,  is  to  cause  headache  and  nausea,  followed  by  weak- 
ness and  pains  in  the  back  and  limbs;  when  present  in  larger  quantities,  it 
causes  death  by  suffocation.  This  gas,  when  present  in  firedamp  mixtures, 
has  the  opposite  effect  from  that  of  carbonic-oxide  gas,  inasmuch  as  it 
narrows  the  explosive  range  of  the  firedamp,  and  renders  such  mixtures 
inexplosive,  which  would  otherwise  be  explosive  (see  Firedamp). 

Carbonic-acid  gas  is  detected  in  the  mine  air  by  the  dimness  of  the  lamps 
and  by  their  extinguishment  when  present  in  larger  quantities.  It  diould 
always  be  looked  for  at  the  floor,  and  in  low  places  of  the  mine  workings. 
Suiphureted  hydrogen  H^S  occurs  at  times  as  an  occluded  ras  in  coal  seams, 
but  more  often  exudes  fh)m  the  strata  Immediately  underlying  or  over- 
lying those  seams.  It  is  generally  supposed  to  be  formed  by  the  disintegra- 
tion of  pyrites  in  the  presence  of  moisture.  It  is  heavier  than  air,  having  a 
specific  gravity  of  1.1912.  It  is  a  colorless  gas,  having  a  very  disagreeable 
odor  resembling  that  of  rotten  eggs,  and  is  known  to  the  miners  as  ttinhiamp. 
It  is  an  exceedingly  dangerous  gas  when  occurring  in  considerable  quan- 
tities. When  mixed  with  7  times  its  volume  of  air,  it  is  violently  explosive. 
It  is  extremely  poisonous,  acting  to  derange  the  system  when  breathed 
in  small  quantities,  and,  when  inhaled  in  larger  quantities,  it  produces 
unconsciousness  and  prostration.  Its  smell  serves  as  the  best  means  for  its 
detection. 
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Firedamp. ->The  general  term  firedamp  relates  to  any  explostve  mixture  of 
marsh  gas  and  air,,  although  in  some  localities  this  term  is  understood  as 
referring  to  any  mixture  of  marsh  gas  and  air  whatever,  whether  explosive 
or  otherwise.  Many  persons  speak  of  pure  marsh  gas  as  firedamp.  The  first 
meaning  given  above,  however,  is  the  general  acceptation  of  the  term. 

Pure  marsh  gas  when  present  in  small  quantities  in  the  air  bums  in  the 
flame  of  the  lamp  without  explosion.  As  the  quantity  of  the  gas  is 
increased,  the  effect  on  the  flame  of  the  lamp  is  at  once  noticeable.  As  the 
proportion  of  ^as  in  the  air  is  fUrther  increased,  and  approaches  the  lower 
explosive  limit,  the  lamp  flame  enlarges,  snaps,  and  crackles.  When  the 
proportion  of  gas  to  air  is  1  to  13,  slight  explosions  occur  within  the  lamp, 
the  flame  of  the  lamp  jumping  violently.  As  the  proportion  of  sas  is 
increased,  the  violence  of  the  explosion  is  augmented  until  it  reaches  a 
maximum,  when  the  proportion  of  gas  to  air  is  l.to  H  (exactly,  1:9.38). 
This  is  the  proportion  of  gas  and  air  in  firedamp,  when  at  its  maximum 
explosive  violence.  From  this  point,  as  the  quantity  of  sas  is  still  further 
increased,  the  violence  of  the  explosion  decreases,  untu  it  becomes  very 
feeble  when  the  proportion  of  gas  and  air  is  1  to  5i,  and  ceases  altogether 
beyond  this  point.  The  exploave  limits  of  marsh  gas,  or  the  limits  of  fire- 
damp mixtures,  are  then  as  follows:  Lower  limit,  1  volume  of  gas  to  13 
volumes  of  air;  higher  limit,  1  volume  of  gas  to  5i  volumes  of  air.  These 
limits  refer  to  pure  firedamp,  or,  in  other  words,  a  firedamp  mixture  con- 
sisting of  pure  marsh  gas  and  air. 

It  rarely  happens  wat  firedamp,  as  found  in  mine  workings,  is  pure,  but 
contains  admixtures  of  other  gases,  such  as  carbonic-acid  gas  COs,  carbonic- 
oxide  gas  CO,  and  heavy  hydrocarbons. 

Aftardtmp.— The  term  afterdamp  relates  to  the  gaseous  mixture  that  exists 
in  mine  workings  after  an  explosion  of  gas.  The  composition  of  afterdamp 
is  exceedingly  variable,  and  admits  of  no  general  analjrsis  that  can  be 
applied  with  certainty  to  anv  one  explosion.  The  conditions  that  obtain 
in  an  explosion  are  so  manifold,  and  control  so  completely  the  character  of 
the  gases  formed,  that  it  is  impossible  to  give  more  than  a  general  analycds 
of  aiterdamp. 

The  chief  products  of  the  complete  explosion  of  pure  firedamp  are  car- 
bonic-acid gas,  watery  vapor,  and  nitrogen  (see  page  343).  The  explosion  of 
firedamp  is  seldom,  however,  complete,  where  a  large  body  of  gas  has 
exploded,  the  air-current  in  the  mine  workings  does  not  fhmish  sufficient 
air  for  the  complete  combustion  of  the  firedamp,  and  as  a  result,  a  large 
amount  of  carbonic-oxide  gas  is  formed,  and  is  present  in  the  afterdamp  of 
the  explosion.  The  presence  of  this  gas  (CO)  renders  the  afterdamp  far 
more  dimerous  than  it  would  otherwise  be,  for  two  reasons:  The  gas  itself 
is  very  poisonous,  and  its  presence  is  not  at  once  detected  by  the  zealous 
men  that  are  working  to  rescue  their  fellow  workmen.    The  lamps  bum 


into  the  air  by  the  force  of  the  explosion,  results  at  once  in  the  production 
of  a  large  amount  of  carbonic-oxide  gas.  It  is  a  well-known  fact,  also,  that 
carbonic-acid  gas  CO9,  formed  as  a  direct  product  of  the  explosion,  or  which 
may  be  present  in  the  mine  air  before  the  explosion,  coming  in  contact  - 
with  the  incandescent  carbon  of  the  coal  dust,  is  converted  by  it,  at  the  high 
temperature  of  the  flame,  into  carbonic-oxide  gas  CO.  We  observe,  there- 
fore, that  an  explosion,  in  all  its  effects,  tends  to  the  rapid  and  abundant 
production  of  this  most  dangerous  gas. 

The  other  products  of  an  explosion  are  numerous,  but  for  the  larger  part, 
unimportant,  except  as  they  do  not  support  life.  We  have  mentioned  and 
described  only  those  gases  forming  the  larger  portion  of  the  afterdamp,  or 
constituting  the  active  agents  in  an  explosion. 

Occarrcnoe  of  Gases  in  Mines.— Most  of  the  gases  occurring  in  mines  are 
occluded  in  the  coal  or  the  strata  adjacent  to  the  coal  seam.  These  occluded 
gases  differ  widely  in  different  coals,  but  are  chiefly  marsh  gas  with  varying 
quantities  of  heavy  hydrocarbons  (olefiant  gas,  ethane,  etc.)  and  carbonic- 
acid  gas  to  a  limited  extent.  In  some  coals,  a  large  percentage  of  nitrogen 
gas  is  occluded,  which,  however,  transpires  very  slowly  into  the  atmosphere. 
Sulphureted  hydrogen,  when  present,  usually  exudes  from  the  underlying 
or  overlying  strata  of  the  coal  seam.  These  occluded  gases  are  the  result  of 
coal  formation,  according  to  the  best  authorities  and  evidence.  They  exist 
in  the  jwres  of  the  coal  under  considerable  pressure  due  to  the  weight  of  the 
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superincumbent  strata.  When  the  strata  adjacent  to  the  coal  seam.  at^I 
impervious  to  gases,  the  occluded  gases  remain  pent  up,  and  we  have  what! 
is  called  a  gaaeout  team.  The  tendency  of  the  gas  is  always  to  escape  to  ttae^ 
surface  or  into  the  mine  workings,  at  the  first  opportunity. 

These  gases  have  each  their  separate  effects,  and  their  combined  effect  is 
sometimes  verv  complicated.  We  can  only  study  to  become  familiar  with 
the  separate  characteristics  of  each  of  these  gases,  and  judge  of  their  com* 
blued  effect  when  present  in  firedamp  mixtures.  For  example,  one  effect  of 
all  these  gases  when  present  in  firedamp  mixtures  is  to  dilute  the  firedamp, 
and  to  that  extent  weaken  its  explosive  force.  Dilution  of  the  firedamp  by 
carbonic-acid  gas  CO9  decreases  very  rapidly  the  explosiveness  of  the  fire- 
damp. When  carbonic-acid  ^s  is  present  in  firedamp  to  the  extent  of  one- 
seventh  its  volume,  explosion  ceases  altogether;  in  other  words,  the 
firedamp  is  rendered  inexplosive.  The  effect  of  smaller  quantities  of  tLis 
gas  is  to  contract  the  explosive  limits  of  the  firedamp  as  well  as  to  weaken 
the  explosion.  The  effect  of  carbonic-oxide  gas  CO  when  present  in  fire- 
damp mixtures  is  likewise  to  dilute  the  firedamp.  The  flame,  however,  is 
lengthened  by  this  gas,  and  the  explosive  limits  of  the  firedamp  mixture  are 
widened.  In  other  words,  mixtures  of  marsh  gas  and  air,  which  were  not 
explosive  mixtures,  are  rendered  explosive  by  the  presence  of  carbonic- 
oxide  gas. 

The  chief  source  of  the  other  mine  gases  lies  in  the  slow  combustion 
of  carbonaceous  matter  in  the  gob,  gob  fires,  burning  of  lamps,  breathing 
of  men  and  animals,  etc.  The  table  on  page  353  shows  the  percentage  of 
occluded  gases  in  a  number  of  coals  and  their  volume  at  normal  temper- 
ature and  pressure. 

Gts  Feeders  (Pockets)-— The  occluded  gas  of  a  coal  seam  escapes  when- 
ever opportunity  is  offered,  and  accumulates  in  the  pockets  and  crevices 
of  the  adjoining  strata,  forming  what  are  called  gcu  fieders.  These  consti- 
tute a  very  dangerous  element  m  the  mining  of  gaseous  seams,  inasmuch  us 
when  such  a  crevice  or  feeder  is  tapped  by  the  miner's  drill,  the  gas,  which 
is  usually  under  heavy  pressure,  blows  out  in  a  large  volume,  at  umes  even 
blowing  the  drill  from  the  hole. 

Pressure  of  Oooiudsd  Gsses.— Occluded  gases  exist  under  a  pressure  that  is 

{)roportionate  to  the  weight  of  the  overlying  strata.  Numerous  experiments 
n  England,  France,  and  Belgium  show  that  the  pressure  of  gases  occluded 
in  coal  seams  frequently  amounts  to  from  10  to  16  atmospheres,  and  in  some 
cases  has  reached  82  atmospheres.  These  high  pressures  of  occluded  gases 
manifest  themselves  frequently  in  the  boring  of  gas  wells,  where  the  tools 
are  at  times  blown  from  the  bore  hole. 


Pressure  of  Occluded  Gas. 


Name  of  Mine. 


Elmore  mine,  main  bed 

Hetton  mine,  Hutton  bed 

Eppleton  mine,  Hutton  bed  ... 
Balden  mine,  Benshambed... 

Harris  Navigation  mine 

Merthyr  Vale  mine  

Celynen  mine 

Harton  mine  (1,214  ft.  deep) 

Harton  mine  

Harton  mine  


Depth  of  Hole. 
Feet. 


8.53 
8.98 
46.90 
31.85 
32.80 
49.20 
54.48 
16.24 
27.55 
37.13 


Pressure. 
Pounds. 


4.36 

6.96 

36.14 

71.41 

22.04 

39.67 

68.32 

196.30 

230.44 

294.45 


Amount  of  Gss.— Experiments  made  by  the  Prussian  Firedamp  Commission 
have  given  results  varying  from  357  to  2,400  cu.  ft.  of  gas  liberated  per  ton  of 
coal  mined.  Mr.  Chesneau  gives  1,377  cu.  ft.  at  the  Herin  mine,  Anzin. 
Experiments  at  the  Ronchamp  mines  give  883  cu.  ft. 

Outbursts  of  gss  are  frequent  occurrences  in  some  coal  seams.  Thev  are 
caused  by  the  occluded  gas  finding  its  way  to  a  vertical  crevice  or  cleat  in  the 
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Gases  Enclosed  in  the  Pores  of  Coal  and  Evolved  in  Vacuo 
AT2120F.-(2'Aom<M.) 


Name  of  Ck)lUery. 


:Navigation 

I>unraven  

Cyfarthfa  

:Bute 

Bonville's  Ctourt 

Watney's 

Plymouth  Iron  Works 

Cwm  Clydach 

Bettwys  


QuaUty. 


Steam. 

Steam. 

Steam. 

Steam. 
Anthracite. 
Anthracite. 
Bituminous. 
Bituminous. 
Bituminous. 


COt 


13.21 
5.46 

18.90 
9.25 
2.62 

14.72 

36.42 
5.44 

22.16 


Cif4 

N 

Quantity. 

0 

M 

H^ 

■   «0 

5  1 

.49 

81.64 

4.66 

250.0 

80 

.44 

84.22 

9.88 

218.0 

70 

1.02 

67.47 

12.61 

147.0 

47 

.34 

86.92 

3.49 

375.0 

120 

93.13 

4.25. 

555.0 

178 

84.18 

1.10 

600.0 

192 

.80 

62.78 

55.9 

18 

1.05 

63.76 

29.75 

55.1 

18 

6.09 

2.68 

69.07 

24.0 

8 

Gases  Enclosed  in  the  Pores  of  Coal  and  Evolved  in  Vacuo 
AT  2120  F.—iH.  LeChateUier.) 


Locality. 


Dunraven  mine  (blowers) 
Dunraven  mine  (bore  hole) 

Garswood  mine 

Garswood  mine  (blowers) 
Glamorgan  mine  (blowers) 

Pombran  mine  ( blowers) 

Karwin  mine 

Karwin  mine  (blowers)   

Hruschaumine 

Hmschau  mine  (blowers) 

Peterswald  mine  (blowers) 

Segen  Giottes  mine  

Segen  Gottes  mine  (borehole) 
Liebe  Gottes  mine  (borehole) 


CH^ 

CO, 

N 

0 

96.70 

.47 

2.79 

96.50 

.44 

3.02 

84.16 

.86 

12.80 

2.65 

88.86 

.41 

8.90 

1.83 

93.01 

.27 

5.94 

.78 

95.11 

.48 

4.07 

.34 

94.59 

.18 

4.48 

.75 

99.10 

.20 

.70 

79.16 

.19 

17.04 

.61 

87.93 

.83 

10.25 

.99 

90.00 

.15 

9.25 
16.02 

.60 

83.51 

1.17 

.30 

87.16 

1.11 

11.73 

77.69 

3.77 

18,48 

.06 

Anklyst. 


J.  W.  Thomas. 

J.  W.  Thomas. 

W.  Kellner. 

W.  Kellner. 

W.  Kellner. 

/  Austrian  Firedamp 

\    Commission. 


Sauer. 
Sauer. 
Sauer. 


Gases  Enclosed  in  the  Pores  of  Coal  and  Evolved  in  Vacuo 
AT  212°  F.—(Scfiondorff.) 


Locality. 


Blowers. 

Bonifacius  mine  at  Kray  (Essen)   

Consolidation  mine  at  Schalk  (Westphalia) 
Konig  mine  at  Neunkirchen  (Saarbruck) 

Oberkirchen  mine  at  Schaumburg  

Cavities  in  the  roof.  Lothringen  mine  at 
Castrop  (Westphalia)    

New  Iserlohn  mine  at  Lawgendren  (West- 
phalia)   


CHi 


90.94 

89.88 

84.89 

(60.46 

[93.66 

27.95 

/  4.75 

i   t   4.00 


Cafijj 


1.62 
37.64 


H 


1.40 
5.84 


1.35 
.09 


COa 


.30 
.67 


2.56 


.45 

L34 

.40 


Digitized  "by  VnOOy  If 


N-\-0 


7.36 
3.61 
12.84 

4.80 

70.25 
65.00 
95.00 


coal  seam,  as  illustrated  in  Fig.  2,  and  the  pressure  of  the  gas  thus  becomes 
distributed  over  a  large  area.  Thus,  a  pressure  of  10  atmospheres  of  a  g&s 
feeder  becoming  distributed  over  an  area  of  200  sq.  ft.  results  in  a  total  pres- 
sure of  upwards  of  2,000  tons,  upon  a  comparatively  small  area  of  coal. 

As  mine  openinjBrs  approach  proximity 
to  such  a  locality,  this  pressure  man- 
ifests itself  by  bursting  the  coal  from 
its  position  in  the  face,  and  throwing 
it  into  the  entries,  in  some  ctises  com- 
pletely blocking  the  openings  or  pas- 
sageways. Such  an  occurrence  is 
termed  an  outburst.  It  is  frequently 
accompanied  by  thunderings  and 
poundings,  which  manifest  themselves 
for  several  days  previous  to  the  actual 
outburst  of  gas.  These  poundings  are 
taken  as  a  warnin&r  by  the  miners 
'^uiS^l^^ySyj^f^^^^'f''^^'^^'^'^'^-  experienced  in  sucn  regions.  The 
> X ' -.-  >ro  >o c ,\7  - ,^ ^z I >  -^.  ^ .-'  pou ndings  are  probably  the  result  of 
Fig.  2.  the  gas  working  its  way  from  one 

crevice  to  another,  always  advancing 
closer  and  closer  to  the  mine  openings,  where  they  finally  burst  forth  with 
extreme  violence. 

Testing  for  Gss  by  Lamp  Flame.— Marsh  gas  and  firedamp  are  detected  iu 
mine  workings  by  the  small  flame  cap  that  envelopes  and  surmounts  the 
flame  of  the  lamp  in  a  firedamp  mixture.  This  flame  cap  is  caused  by  the 
^seous  mixture,  which  bums  as  it  comes  in  contact  with  the  flame. 
The  proportion  of  gas  in  the  mixture  determines  the  height  of  the  flame  cap. 
When  testing  for  gas,  the  lamp  flame  is  first  reduced  to  a  small,  unifonn 
size,  and  although  this  is  not  a  universal  practice,  it  has  the  advantage  of 
giving  uniform  results.  The  lamp  is  held  in  an  upright  position,  in  one 
hand,  while  the  eyes  are  carefully  screened  by  the  other  hand  from  the 
glare  of  the  liffht,  the  lamp  being  slowly  raised  toward  the  roof  where  gas  is 
suspected.  The  flame  is  carefully  watched  for  the  first  appearance  of  a  cap. 
and  the  height  of  the  cap  is  carefully  noted.  Many  lamps  are  provided  with 
a  graduatea  scale  set  opposite  to  the  flame,  so  that  the  height  of  a  cap  may 
be  estimated  with  accuracy.  After  the  observation,#the  lami>  is  quietly  and 
promptly  withdrawn  from*  the  gas.  Should  flaming  occur  within  the  lamp, 
as  sometimes  happens  when  it  is  raised  too  quickly,  or  when  the  gaseous 
mixture  is  strong,  the  lamp  diould  be  withdrawn  carefUUy  and  not  with 
undue  haste,  as  there  is  danger  of  the  flame  of  the  gases  bumine  within  the 
lamp  being  forced  through  the  gauze  by  a  rapid  movement.  This  requires 
great  presence  of  mind  on  the  part  of  the  person  using  the  lamp. 

In  Fig.  3  the  heights  of  flame  cap  due  to  the  presence  of  different  proportions 
of  marsh  gas  are  shown.  These  heights,  as  given,  refer  to  the  experimental 
heights  of  flame  cap  ob- 
tained with  pure  marsh 
gas.  It  should  be  ob- 
served, however,  that  the 
presence  of  other  gases 
in  the  firedamp  will  vary 
its  explosive  character, 


and  this  fact  very  mate-  .         j 

rially  modifies  the  explo-  i         i         *         A 
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siveness  of  certain  caps. 
For  example,  in  the  ex- 
periments on  pure  marsh 


gas,  a  2"  flame  cap  was  2:50     1:U0     1:S0     1:25    1:20     1:18    1:16 

found  to  be  inexplosive;  „      „ 

while,  in  the  mine,  and  '^^'  ^• 

with  the  variable  char- 
acter of  the  flredamp  mixtures  usually  found  there,  a  flame  of  1^  in.  is 
often  found  to  indicate  explosive  conditions.  Again,  flames  of  even  less 
height  than  this  often  indicate  dangerous  conditions,  especially  where 
the  coal  is  inflammable  and  there  is  much  fine  dust  present  in  the 
atmosphere.  These  conditions  account  readily  for  the  various  statements 
that  we  conunonly  see  in  regard  to  the  explosiveness  of  certain  flames.  In 
fact,  each  fire  boss  learns,  after  years  of  experience,  to  depend  wholly  on  his 
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ovirn  knowledge,  g^ded  by  the  conditioiiB  that  exist  in  the  workings  and 
ATvltb  which  he  has  become  familiar. 


SAFETY   LAMPS. 

The  aaftty  lamp  is  designed  to  give  light  in  gaseous  workings  without  the 
<flanger  of  igniting  the  gases  present  in  the  atmosphere.  The  principle  of 
t,he  safety  lamp  depends  on  the  cooling  effect  that  an  iron-wire  gauze  exerts 
on  flame.  It  Is  a  well-known  fact  that  all  gases  ignite  at  certain  fixed 
temperatures,  and  if  this  temperature  is  decreased  from  any  cause,  the  flame 
is  extinguished. 

Use  of  Saftty  Lamps.— Safety  lamps  are  used  for  two  general  purposes  in 
the  mine,  and  may  be  classified  under  two  heads:  (a)  lamps  for  general  use; 


(6)  lamps  for  testing  for  ^s. 
Safaty  Lamps  for  Gam 


, onaral  Work.— The  essential  features  of  a  lamp  designed 

for  general  mine  work  are:  (1)  safety  in  strong  currents;  (2)  good  illuminating 
power;  (3)  security  of  lock  fastening:  (4)  freedom  from  flaming;  (5)  security 
against  accident;  (6)  simplicity  or  construction.  The  conaitions  under 
which  a  lamp  is  placed  at  the  working  face  differ  from  those  that  attend 
the  testing  for  gas.  The  illuminating  power  of  the  lamp  must  be  good,  so 
that  the  workman  can  see  clearly  what  he  is  doing.  Tne  lamp  must  not 
be  too  sensitive  to  gas,  or  its  tendency  to  flame  will  necessitate  tnat  a  care- 
fril  watch  be  kept  of  it,  and  this  would  interfere  with  the  prosecution  of  the 
miner's  work.  Again,  the  miner  is  too  often  careless  or  neglectful  of  his 
lamp,  and  would  fail  to  give  it  the  required  attention.  The  lamp  is  often 
upset,  and  is  apt  to  be  broken  by  flying  coal,  or  bv  a  fall,  unless  carefully 
protected.  The  lamp  should  be  so  securely  locked  as  not  to  permit  of  any 
tampering  on  the  part  of  the  miner  without  its  being  detected  in  the  lamp 
room.  In  order  that  the  lamp  may  be  thoroughly  and  rapidly  cleaned,  its 
construction  should  be  simple.  The  lamp  should  be  easily  taken  apart  and 
put  together  again  after  it  is  cleaned. 

Lamps  for  Tasting.- The  essential  features  of  a  lamp  for  testing  purposes 
are:  (1)  free  admission  of  air  below  the  flame;  (2)  no  reflecting  surface 
behind  the  flame;  (3)  ability  to  test  'for  a  thin  layer  of  gas  at  the  roof. 
When  testing  for  gas,  it  is  important  to  have  a  free  admission  of  the  air 
below  and  around  the  flame,  as  the  flame  cap  is  very  sensitive  and  is  inter- 
fered with  seriously  by  the  conflicting  ascending  and  descending  currents 
in  a  lamp  in  which  the  air  enters  above  the  flame.  A  more  uniform  cap  will 
be  given  where  the  currents  ascend  auietly  around  the  flame.  This  feature 
is  very  important  to  the  production  oi  a  ^[ood  flame  cap,  and  it  is  this  feature 
that  makes  the  Davy  lamp  such  a  favonte  among  Are  bosses.  In  order  that 
a  flame  cap  shall  be  readily  observed,  there  should  be  no  reflection  behind 
it,  as  the  eye  is  easily  deceived  under  these  conditions.  A  scale  by  which 
the  heieht  of  the  flame  cap  may  be  accurately  measured,  is  a  convenient 
feature  In  many  lamps  for  testing  purposes. 

In  the  use  or  the  common  Davy  lamp  in  testing  for  ^ses,  it  is  a  common, 
although  dangerous,  practice  to  turn  the  lamp  on  its  side  and  place  it  close 
up  against  the  roof,  in  this  position,  the  flame  is  very  apt  to  pass  through  the 
gauze,  from  two  causes:  The  gauze  is  readily  heated,  because  the  flame  cap 
IS  close  against  it,  and  when  heated,  affords  no  protection  against  the 
passage  of  the  flame  and  the  ignition  of  the  gas  outside  the  lamp.  Again, 
in  this  position,  small  particles  from  the  roof  are  apt  to  fall  upon  the  gauze, 
and  this  miety  often  aseist  in  the  passage  of  the  flame  through  the  gauze.  A 
dirty  gauze  is  unsafe.  When  the  lamp  is  turned  sideways,  the  gauze  may 
become  smoked  by  contact  with  the  flame,  and  this  smoke,  or  deposit  of 
carbon,  assists  greatly  the  passage  of  flame  through  the  gauze.  Another 
common  and  dangerous  practice  on  the  part  of  the  fire  boss  Js  to  brush  the 
gas  down  on  the  lamp  with  iiis  cap.  By  so  doin^,  there  is  great  danger  of 
the  flame  being  blown  throuf^h  the  gauze  and  igmting  the  gas  that  may  be 
present.  On  these  accounts,  it  is  essential  that  a  good  lamp  for  testing  pur- 
poses dbiall  be  able  to  draw  its  air  from  a  point  close  to  the  roof,  in  cases 
where  it  is  necessary  to  do  so.  This  is  often  accomplished  by  an  extra  tube, 
which  is  supplied  with  the  lamp,  and  which  may  be  taken  off  the  lamp 
when  not  in  use.    This  tube  extends  up  the  outside  of  the  lamp  to  the  top. 

An  important  feature  of  a  lamp  for  testing  purposes  is  the  uniformity  of 
its  flame.  A  more  uniform  flame  is  obtained  in  the  use  of  alcohol  instead  of 
the  lard  oil  commonly  used  in  the  safety  lamp. 


iJOO  SAFETY  LAMPS. 


Dtttction  of  Small  PtrotntagM  of  Gas.— The  Davy  lamp  in  the  hands  of 
careful  person  mav  be  made  to  detect  the  presence  of  gas  in  quantities  at 
low  as  3^.  It  is  claimed  by  some  fire  bosses  that  2^  of  gas  may  be  detected 
with  a  good  Davy.  For  tne  detection  of  small  quantities  of  gas,  specially 
constructed  lamps  have  been  used.  These  lamps  are  designed  to  burn 
alcohol  or  hydrogen,  giving  a  non-luminous  flame.  Among  these  may  be 
mentioned  the  Pieler  lamp,  burning  alcohol,  which  it  is  claimed  will  detect 
as  small  a  quantity  of  gas  as  i^.  A  device  known  as  the  Clowes  gcu  tegter 
has  been  invented,  and  may  be  attached  to  many  safety  lamps.  It  consists 
of  a  hydrogen  tube  that  is  designed  to  fiimish  a  small  stream  of  hydrogea 
to  the  lamp  flame  when  testing  for  gas.  Surrounding  the  wick  of  the  lamp 
is  a  closely  fitting  cone,  to  wmch  the  hydrogen  ftom  the  tube  is  supplied. 
When  the  lamp  is  to  be  used  for  testmg  for  gas,  the  wicic  is  lowered, 
extinguishing  tne  oil  flame  after  the  hydrogen  is  turned  on.  It  is  claimed 
that  gas  may  be  detected  in  as  small  quantities  as  i^  by  this  apparatus 
attached  to  any  good  safety  lamp  admitting  its  air  below  the  flame. 

The  Shaw  gag  tester  is  useful  for  determining  the  percentage  of  marsh 
gas  in  the  mine  air,  but  it  cannot  be  applied  at  the  face,  and  samples  of  gas 
must  be  taken  to  the  surface  for  analysis. 

Oils  for  Sofoty  Lsmps.— Most  safety  lamps  bum  vegetable  oUs,  which  are 
considered  the  safest  for  mining  use,  and  so  reported  by  the  English  Mine 
Commission.  Such  oils  are  rapenseed  oil  and  colza  oil,  made  from  cabbage 
seed.  Seal  oil  is  also  largely  used,  and  was  regarded  as  a  safe  oil  by  the 
Enelish  Mine  Commission.  Seal  oil  affords  a  better  light  than  vegetable  oils, 
ana  in  its  use  there  is  less  charring  of  the  wick.  A  mixture  of  1  part  of  ooal 
oil  to  2  parts  of  rape  or  seal  oil  is  often  used,  and  improves  the  light,  but  the 
smoke  m>m  the  flame  is  increased.  The  Ashworth-Hepplewhite-Oray  lamp 
is  constructed  to  bum  coal  oil,  or  a  mixture  of  coal  and  lard  oil.  The  Wolf 
lamp  is  especially  designed  for  burning  naphtha  or  benzine.  Specicd  tests 
have  been  made  to  prove  the  safety  of  using  such  a  fluid  in  this  lamp,  and 
resulted  in  demonstrating  the  fact  that  the  lamp  was  safe  under  any  condi- 
tions that  might  arise.  A  thorough  test  was  made,  the  oil  vessel  of  the 
burning  lamp  being  heated  to  180°  F.,  at  which  point  the  lamp  was 
extinguished  without  manifesting  any  dangerous  results. . 

Typos  of  Safoty  Lamps.— In  the  year  1815,  Sir  Humphrey  Davy  and  Geoiige 
Stevenson,  the  latter  a  poor  miner,  discovered,  simultaneously,  that  flame 
would  not  pass  through  small  openings  in  a  perforated  iron  plate.  This  led 
to  the  construction  of  what  are  known  as  the  Davy,  and  the  Stevenson  or 
"  Geordy,"  lamps.  The  Davy  lamp  is  still  a  great  favorite  among  fii;e  bosses 
for  the  detection  of  gas  in  mine  air.  Inasmuch  as  all  safety  lamps,  of  which 
there  are  a  large  number,  depend  on  the  same  principle,  we  will  only 
describe  such  lamps  as  possess  essential  features,  and  which  show  Important 
improvements  and  the  gradual  developments  in  safety-lamp  construction. 

Davy  Lamp.— Fig.  4  (a)  shows  a  wire  gauze  cylinder  about  5  in.  in  height 
and  If  in.  in  diameter,  surmounted  by  a  gauze  cap  2  in.  in  depth.  The 
gauze,  which  has  28  wires  to  the  inch,  or  784  apertures  to  the  square  inch,  is 
fastened  to  a  brass  standard,  which  secures  it  to  the  oil  cup  or  lamp  below. 
The  gauze  at  the  top  of  the  lamp  is  doubled  by  the  cap,  which  gives  greater 
security  at  this  point,  where  the  flame  tends  to  pass  through  the  gauze  more 
quickly,  and  where  the  gauze  is  more  readily  burned  out.  The  mixture  of 
gas  and  air  enters  the  lamp  in  the  lower  part  of  the  gauze,  and  bums  within 
the  lamp,  the  products  of  combustion  passing  out  through  the  upper  portion 
of  the  gauze  cylinder.  This  lamp  gives  a  good  flame  cap,  on  account  of  the 
f^ee  access  of  the  air  below  the  flame,  which  prevents  smoking  and  increases 
the  illuminating  power  of  the  lamp.  As  a  lamp  for  general  use,  .the  Davy 
lamp,  however,  is  unsafe,  on  account  of  its  liability  to  flame.  In  many 
mining  localities  the  use  of  this  lamp  is  prohibited  by  law,  except  for 
purposes  of  examining  for  gas,  when  it  must  be  used  solely  by.  properly 
authorized  fire  bosses.  The  flame  of  the  lamp  is  also  unprotected  from  the 
force  of  rapid  air-currents,  and  is  not  safe  when  the  velocity  of  the  current 
exceeds  6  ft.  per  second.  The  illuminating  power  of  the  lamp  is  also  not 
sufilcient  for  general  work. 

Clanny  Lamp.— The  unbonneted  Clanny  lamp,  Fig.  4  (6),  is  constructed 
according  to  the  same  principles  as  the  Davy  lamp,  differing  only  in  the 
fact  that  the  lower  part  of  the  wire  gauze  surrounding  the  flame  is  replaced 
by  a  strong  glass  cylinder  or  chimney.  The  purpose  of  this  is  to  increase 
the  illuminating  power  of  the  lamp.  The  lamp,  when  clean,  gives  a  good 
light,  but  the  entrance  of  the  air  at  a  point  above  the  flame,  and  its  descent 
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within  the  lamp  to  the  flame,  causes  the  l&mp  to  smoke,  due  to  tlie  oonfliei 
of  the  ascending  and  descending  air-currents  within  the  lamp.  Tlie  smolu. 
becomes  deposited  on  the  glass  chimney,  which  interferes  greatly  with  th6 
light.  This  lamp  is  not  a  good  one  for  gas  testing,  and  in  fact  cannot  bc|| 
used  for  that  purpose  to  any  advantage.  The  unoonneted  Clanny  is  not  \ 
safe  in  an  air-current  having  a  velocity  greater  than  8  ft.  per  seccmd.  The 
bonneted  Clanny  obviates  this  difficulty  to  a  large  extent,  but  increases  the 
tendency  of  the  lamp  to  smoke. 

Mueseler  Lamp.— This  lamp,  Fig.  4  (c),  in  all  respects  resembles  tlie  Clanny 
lamp  just  descrioed,  except  that  the  tendency  in  the  Clanny  lamp  to  smoke 
is  overcome  in  the  Mueseler  by  increasing  the  draft  by  means  of  an  interior 
wrought-iron  chimney  or  tube,  supported  within  the  lamp,  and  reaching 
down  to  within  an  inch  of  the  base  of  the  flame.  The  air  enters  tlie  lamp 
as  in  the  Clanny,  above  the  flame,  but  is  deflected  downwards  by  the  central 
tube,  and  passes  under  the  edge  of  this  tube,  ascending  through  it  to  the  top 
of  the  lamp,  where  it  escapes.  The  Mueseler  lamp  is  a  better  lamp  for 
Illuminating  purposes  than  the  Clanny,  and  presents  more  security,  when 
bonneted,  against  explosions  within  the  lamp.  This  lamp  will  withs^nd  a 
current  of  v6ry  much  higher  velocity  than  the  Clanny  lamp,  and  is 
reputed  to  be  safe  in  a  current  having  a  velocity  of  100  ft.  per  second.  The 
lamp  is  not  a  good  lamp  for  the  detection  of  gas.  It  does  not  flame. 
however,  as  quickly  as  the  Clanny  lamp. 

Msrssut  Lamp.— This  lamp.  Fig.  4  (d),  is  built  after  the  Clanny  lamp  in 
every  respect,  but  is  supplied  with  multiple-gauze  chimneys,  one  within  the 
other,  the  effect  of  which  is  to  increase  the  security  against  explosion  of  gas 
within  the  lamp.  The  bonneted  Marsaut  lamp  is  a  peculiarly  strong  lamp 
in  this  respect.  The  gauze  used  in  the  caps  of  this  lamp  has  934  apertures  to 
the  square  inch.  This  lamp  is  often  extinguished  in  an  explosive  mixture 
by  the  force  of  the  explosion  within  itself.  It  gives  a  good  lignt  and  is  a  good 
lamp  for  general  work;  it  is  not,  however,  a  good  lamp  for  testing  for  gas. 

Ashworth-Hepplewhita-6ray  Lamp.— This  lamp,  Fig.  4  (e),  combines  a  number 
of  characteristic  features.  It  is  designed  for  general  work,  as  well  as  for 
testing  for  gas.  It  often  happens  that  gas  accumulates  in  a  thin  layer  along 
the  roof  of  an  entry  or  working  place,  and  is  not  detected  by  the  use  of  the 
Davy  lamp  or  any  ordinary  lamp.  The  Gray  lamp  is  so  arranged  that  it 
can  be  made  to  draw  its  air  from  the  top  of  the  lamp,  by  means  of  openings 
in  the  top  of  the  four  standards  of  the  lamp,  the  air  passing  down 
through  the  standards,  and  into  the  lamp,  below  the  flame.  When  not 
in  use  for  testing,  openings  can  be  made  in  the  lower  part  of  the  stand- 
ards by  moving  a  slide,  and  air  enters  at  these  openings.  The  lamp  is  essen- 
tially a  bonneted  Clanny.  The  glass  chimney,  however,  as  well  as  the  gauze 
that  surmounts  it,  is  made  tn  a  conical  form,  the  purpose  of  this  being  to 
diffuse  the  light  upward  for  examination  of  the  roof  of  the  mine.  The 
conical  form  given  to  the  gauze  also  strengthens  the  lamp  against  explo- 
sions of  gas  within.  This  lamp  is  a  very  good  all-around  lamp,  and  possesses 
good  illuminating  power. 

Wolf  Lamp.— The  Wolf  lamp,  Fig.  4  (/),  is  rapidly  growing  in  popularity, 
having  been  already  introduced  in  a  large  number  of  mines  In  America  and 
England,  and  on  the  Continent.  This  lamp  is  essentially  a  Clanny  lamp 
with  a  free  admission  of  air.  It  is  compact  and  efficient,  and  has  good 
illuminating  power,  and  is  also  constructed  in  different  forms,  combining, 
as  desired,  any  or  all  of  the  features  of  previous  lamx>s.-  Two  of  its  charac- 
teristic features,  however,  consist  in  a  self-lighting  arrangement  accom- 
plished by  means  of  a  percussive  device,  which  ignites  a  wax  taper  within 
the  lamp,  and,  a  locking  device,  which  can  be  opened  only  with  a  poworflil 
magnet.  This  relighting  device  is  an  important  feature  in  any  safety  lamp 
for  general  use,  inasmuch  as  the  most  dangerous  conditions  exist  immedi- 
ately after  an  explosion,  and  the  miners  are  always  left  to  grope  their  way 
in  the  dark.  A  large  number  of  lives  are  lost,  owing  to  the  conftislon  that 
ensues,  the  men  becoming  bewildered  and  losing  their  way,  when  they  are 
shortly  overcome  by  the  afterdamp  of  the  explosion.  This  lamp  permits  of 
immediate  relighting  with  safety  to  the  men. 

Locking  Lamps.— The  ordinary  lock  consists  of  a  lead  plug,  which,  when 
Inserted  in  the  lamp,  will  show  the  least  tampering  on  the  part  of  the 
miner.  Other  locks  consist  of  an  ordinary  turnbolt  operated  by  a  f>eculiar 
key.  Magnetic  locks  allow  of  the  opening  of  the  lamp  only  by  means  of  a 
strong  magnet  kept  in  the  lamp  room. 

Cleaning  Safaty  Lamps.— Safety  lamps  should  be  thoroughly  and  regularly 
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cleaned  and  filled  between  each  shift.  Each  lamp  should  then  be  lighted 
and  inspected  by  a  competent  person  before  being  given  to  the  miner.  A 
carefUl  inspection  of  the  gauze  of  the  lamp  is  necessary,  as  well  as  of  all  the 
joints  by  wnich  air  may  enter  the  lamp.  It  should  be  known  to  a  certainty 
that  each  lamp  is  securely  locked  before  leaying  the  lamp  room. 

Relighting  Stations.— These  stations  are  located  at  certain  places  in  gaseous 
mines  where  they  can  be  supplied  with  a  current  of  firesn  air,  and  where 
there  is  no  danger  from  the  gases  of  the  mine.  The  lamp  is  apt  to  be 
overturned,  or  to  fall,  and  is  often  extinguished  thereby;  and  if  these 
stations  were  not  provided,  the  man  would  have  to  return  with  his  lamp  to 
the  surface  in  order  to  have  it  relighted.  Such  a  station  is  always  located  at 
the  entrance  of  the  gaseous  portion  of  a  mine,  in  cases  where  the  entire 
mine  does  not  liberate  gas. 

liiuminating  Power  of  Safety  Lamps.— The  following  table  gives  the  illumi- 
nati  ng  power  or  candlepower  of  some  of  the  principal  lamps.  The  light  of  a 
sperm  candle  is  taken  as  1,  or  unity. 


Name  of  Lamp. 


Illuminating  Power 
of  Lamp. 


Davy  

CJeordy  

Clanny  

Mueseler  

ETan  Thomas 

Marsaut,  3  gauzes 

Marsaut,  2  gauzes 

Marsaut,  with  Howat's  deflector  . 

Ashworth-Hepplewhite-Gray 

Wolf  .V. 


.16 
.10 
.20 
.36 
.45 
.45 
.55 


.90 


EXPLOSIVE    CONDITIONS   IN   MINES. 

In  the  ventilation  of  gaseous  seams,  the  air-current  may  be  rendered 
explosive  by  the  sudden  occurrence  of  any  one  of  a  number  of  circum- 
stances that  cannot  be  anticipated.  Among  these  are  the  following:  (1) 
Derangement  of  the  ventilating  current.  (2)  Sudden  increase  of  gas  due  to 
outburts,  falls  of  roof,  feeders,  fall  of  barometric  pressure,  etc.  (3)  Presence 
of  coal  dust  thrown  into  suspension  in  the  air,  In  the  ordinary  working  of 
the  mine,  or  by  the  force  of  blasting  at  the  working  face,  or  by  a  blown-out, 
or  windy,  shot.  (4)  Pressure  due  to  a  heavy  blast,  or  any  concussion  of  the 
air  caused  by  closing  of  doors,  etc.  (5)  Rapid  succession  of  shots  in  close 
workings.  (6)  Accidental  discharges  of  an  explosive  in  a  dirty  atmosphere. 
Any  or  all  of  these  causes  may  precipitate  an  explosion  at  any  moment. 
Hence,  the  condition  of  the  air-current  should  be  maintained  far  within  the 
explosive  limit.  The  explosive  conditions  vary  considerably  in  different 
coal  seams.  The  nature  of  the  coal  and  its  enclosing  strata,  its  fHability 
and  inflammability,  together  with  the  character  of  its  occluded  gases,  deter- 
mine, to  a  large  extent,  the  explosive  conditions  in  the  seam.  Experience 
in  any  particular  seam  or  district  must  always  be  the  best  guide,  and  ftirnish 
the  best  standard  for  determining  the  explosiveness  of  any  given  lamp 
flame.  For  example,  a  2"  flame  may  be  comparatively  safe  in  a  small  mine 
where  the  coal  is  hard  and  not  particularly  flammable,  while  a  li"  flame 
cap  would  be  considered  unsafe  in  mines  where  the  conditions  are  more 
favorable  to  the  generation  of  gas  and  formation  of  coal  dust.  The  daily 
output  of  the  mine  and  the  general  care  that  is  enforced  upon  the  miners 
at  the  working  face  are  factors  that  should  always  be  considered  and  taken 
into  serious  account  in  determining  explosive  conditions  (see  Testing  for 
Gas  by  Lamp  Flame). 

Derangement  of  Ventilating  Current.— The  flow  of  the  air-current  must  be 
uniform  and  continuous.  Doors  must  be  kept  closed,  since  the  mere  setting 
open  of  a  door,  for  a  short  period  of  time,  is  suflacient  to  precipitate  a  serious 
explosion.  Anv  contemplated  change  in  the  current,  by  tne  erection  of 
brattices,  air  bridges,  stoppings,  etc.,  should  be  carefully  considered  befor* 
the  work  is  begun,  and  every  precaution  adopted  to  secure  the  safety  of  th^ 
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men.    Derangement  of  the  current  may  occur  through  a  fell   of  roof  opon 
the  main  airway,  by  which  the  area  of  the  airway  is  reduced,  Tvlilcli  results 
in  the  reduction  of  the^uantity  of  air  passing  in  the  mine.    I£  tbia  fkll  is 
not  noticed  at  once,  serious  results  may  happen.    The  utmost   vigila.Tiee  is 
therefore  required  on  the  part  of  fire  bosses  and  all  cfonnected  witli  mine 
workin^^s.    The  failure  of  the  ventilating  api>aratus  is  another  source  that 
gives  nse  to  the  derangement  of  the  current.    As  a  rule,  Aimaces  are  not 
now  employed  for  the  ventilation  of  gaseous  seams.    There  are,  liowerer. 
some  furnaces  in  use  in  such  seams,  and  these  require  constant:  attention 
lest  the  fire  should  burn  low.    Upon  any  accident  occurring  to  tlie  ventila- 
ting machinery,  notice  should  at  once  be  given  to  the  iiuide  foreznau,  and 
the  men  withdrawn  as  rapidly  as  possible. 

A  sudden  increase  of  gss  may  occur  at  any  time  in  a  gaseous  seaxn,  owing 
to  an  outburst,  which  suddenly  yields  a  large  volume  of  gas  and   may 
render  the  mine  air  in  that  section  extremely  explosive.    The  men.  i^orking 
on  the  return  of  such  a  current  must  be  hastily  withdrawn,  and  all  lights 
extinguished.    A  heavy  fell  of  coal  in  the  mine  workings  or  in  the  airways, 
or  the  tapping  of  a  large  gas  feeder,  produces  the  same  effect  in  a  less  degree. 
The  nearer  the  fell  of  roof  takes  place  to  the  face  of  the  workings,  tlie  more 
liable  it  is  to  be  followed  with  a  large  flow  of  gas,  inasmuch  as  the  g&s  near 
the  fece  has  not  had  time  to  drain  off,  as  in  the  case  of  old  workings.     Tbis 
fact  is  always  true  in  reference  to  new  workings  in  a  easeous  seam.    The  gas 
continues  to  flow  freely  for  a  considerable  period,  when  its  flow  gradually 
decreases  until  it  about  ceases.    When  a  large  feeder  has  been  tapped,  it 
may  be  plugged  for  a  time,  if  necessary,  but  the  better  practice  is  to  allow  it 
to  flow  freely  and  diffuse  into  the  air-current,  which  should  be  suflSdently 
increased  to  dilute  the  quantity  of  ^s  given  off  and  to  render  it  inexplosi  ve. 
The  men  upon  the  return  air  should  be  notified.    It  is  dangerous  practice  to 
light  these  feeders. 

When  there  is  a  large  area  of  abandoned  workings  in  the  mine,  any 
considerable  fall  of  barometric  pressure  is  usually  followed   by  a  lar^ 
outflow  of  gas  from  the  gobs  or  waste  places  of  the  mine.    A  fall  of  1  in.  in 
5  hours  represents  a  very  rapid  decrease  of  barometric  pressure.    At  all  large 
collieries  there  is,  or  should  be,  a  good  standard  barometer  located  upon  tfie 
surface  near  the  shaft.    In  many  cases,  these  barometers  are  self-recording, 
and  are  often  provided  with  an  automatic  alarm  that  gives  warning  when- 
ever a  fall  of  barometric  pressure  occurs.    This  warning  should  at  once  be 
conveyed  to  the  men  in  the  workings,  and  every  precaution  adopted  to 
avoid  evil  results.    The  fact  is  fairly  well  established  that  a  fall  of  atmos- 
'  pheric  pressure  is  not  followed  by  an  outflow  of  gas  fh>m  the  mine  workings 
for  the  space  of,  say,  3  hours  after  such  fall  occurs.    This  statement  must  be 
regardea  with  caution,  however,  as  it  largely  depends  on  the  condition  and 
extent  of  the  abandoned  workings.    Where  these  are  fUll  of  gas,  Its  expan- 
sion affects  the  condition  of  the  airways  much  more  quickly  than  in  cases 
where  these  working  places  are  partly  ventilated. 

Effect  of  Coal  Dust  in  Mine  Worldngs.— According  to  the  greater  or  less  flam- 
mability  of  the  coal,  the  presence  of  fine  dust  in  the  airways  and  workings  of 
the  mine  becomes  a  dangerous  factor.  Certain  coals  are  extremely  fUable 
and  are  reduced  readily  to  fine  dust,  which  is  thrown  into  suspension  in  the 
air-current  by  the  ordinary  operations  of  the  miners  in  their  work,  as  well 
as  by  the  concussion  of  the  air  from  numerous  causes,  and  by  the  movement 
of  cars  and  the  traveling  of  men  and  animals  upon  the  various  haul- 
ways  and  passageways.  For  a  long  time  it  was  questioned  whether  the 
presence  of^  dust  was  a  dangerous  factor,  except  where  there  was  also  a 
small  percentage  of  gas  in  the  air.  Evidence,  however,  has  well  establidied 
the  fact  that  coal  dust  of  itself  is  a  dangerous  element,  and  may  often  be  the 
sole  cause  of  an  explosion,  when  acted  upon  by  a  flame  of  sufficient  intensity 
and  magnitude.  The  action  of  the  flame  is  to  distil  carbonic-oxide  gas  CO 
from  the  fine  particles  of  dust  suspended  in  the  air.  The  explosion  of  the 
eras  thus  formed  causes  a  fUrther  disturbance  and  raises  a  larger  supply  of 
dust,  which  likewise  contributes  to  the  liberation  of  fresh  quantities  of  gas, 
and  thus  an  explosion  is  generated  and  transmitted.  Small  quantities  of 
marsh  gas  greatly  increase  the  violence  of  this  action,  but  explosions  in 
flouring  mills  and  well-ventilated  coal  bins  establish  the  fact  that  such 
occurrences  are  not  dependent  on  the  presence  of  marsh  gas. 

Too  much  faith  must  not  be  placed  in  the  use  of  water  by  sprinkling  for 

^ving  the  dust.    This  has  a  beneficial  effect  in  the  immediate  vicinity,  but 

rge  amount  of  water  is  required  to  render  an  untidy  working  place  safe 
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at  ftrine  time.    Better  practice  is  to  allow  no  accumulatioxis  of  dust  at  the 
face.    This  should  be  regularly  loaded  out  with  the  coal. 

Pressure  ss  Affscting  Explosivt  Conditions.— Oaseous  mixtures  that  are  not 
ex:plo8lve  in  the  ordinary  condition  of  a  mine,  often  become  explosive 
under  the  momentary  pressure  to  which  they  are  subjected  by  heavy 
blasting,  and,  in  some  instances,  this  may  occur  fh>m  the  concussion 
of  the  air  caused  by  the  quick  shutting  of  a  door.  In  the  latter  case,  how- 
ever, the  explosive  condition  of  the  air  would  necessarily  have  to  be  close  to 
tb.e  limit,  in  order  for  such  a  slight  occurrence  to  precipitate  an  explosion. 
Xbe  factor  of  pressure  as  increasing  the  explosiveness  of  gaseous  mixtures 
slxould  be  considered  and  constantly  borne  in  mind. 

Rapid  Soooosslon  of  Shots  in  Clost  Worltings.— It  constantly  happens  that 
two,  three,  or  more  shots  are  fired  by  means  of  ftise  or  touch  squibs  in  a 
single  chamber  or  heading,  where  the  circulation  of  air  is  not  always  the 
l>est.  The  practical  effect  is  that  a  considerable  quantity  of  carbonic-oxide 
g[as  CO  is  OToduced  by  the  firing  of  the  first  shot,  and  this  gas  does  not  have 
time  to  dimise  or  become  diluted  by  the  air-current  before  it  is  fired  by  the 
fi  ame  of  the  following  shots.  A  n  explosion  may  often  be  precipitated  by  such 
an  occurrence,  if  the  workings  are  at  all  dusty.  Two  shots  at  the  most  are  all 
tliat  should  be  fired  at  one  time  in  a  close  chamber  or  heading. 

Mine  Eiplotions.—The  explosion  of  gas  in  a  mine  usually  arises  fh>m  the 
igrnition  oi  an  explosive  mixture  of  gas  and  air  called  firedamp,  which  has 
accumulated  in  some  unused  chamber  or  cavity  of  the  roof,  or  in  the  waste 
places  of  the  mine,  and  has  been  ignited  by  a  naked  light,  by  the  flame  of  a 
shot,  or  by  a  mine  fire.  The  imtial  force  of  an  explosion  is  generally 
expended  locally,  but  the  flame  continues  to  feed  .upon  the  carbonic-oxide 
gsLB  generated  by  the  incomplete  combustion  of  the  firedamp  mixture, 
and  oistHled  also  from  the  coal  dust  thrown  into  the  air  by  the  agitation. 
Air  is  required  to  bum  this  carbonic-oxide  gas;  this  causes  the  flame  to 
travel  against  the  air-current,  or  in  the  direction  in  which  firesh  air  is  found. 
In  the  other  direction,  or  behind  the  explosion,  the  flame  is  soon  extin- 
guished in  its  own  trail  when  the  initial  force  of  the  explosion  is  expended. 
Th(B  explosion  continues  to  travel  along  the  airways  against  the  current  as 
long  as  there  is  sufficient  gas  or  coal  oust  for  it  to  feed  upon,  or  until  its 
temperature  is  cooled  below  the  point  of  ignition,  by  some  cause  such  as,  for 
example,  the  rapid  expansion  of  the  area  of  the  workings.  We  observe  the 
chief  factor  in  transmitting  an  explosion  is  the  presence  of  carbonic-oxide 
gas,  which  lengthens  the  flame  ana  extends  the  effect. 

The  rtooil  oran  txplotlon  is  the  return  of  the  flame  along  the  path  that  it 
has  just  traversed.  In  the  recoil,  the  flame  burns  more  quietly,  advances 
more  slowly,  and  travels  close  to  the  roof.  The  evidence  found  at  the  point 
where  a  recoil  took  place,  or  an  explosion  turned  back,  has  been  sufficient 
to  establish  the  fact  that  the  recoil  is  caused  primarily  by  a  cooling  of  the  tem- 
perature, probably  caused  very  largely  by  an  expansion  of  the  area  of  the 
airway.  Soot  is  often  deposited  at  this  point  in  considerable  quantity,  if  the 
action  of  the  flame  is  not  such  as  to  consume  it.  This  fact  alone  shows  the 
combustion  at  this  point  to  have  been  Incomplete.  Immediately  in  the  rear 
of  the  flame  is  a  mixture  of  carbonic-oxide  gas  CO,  which  bursts  into  flame 
at  the  sudden  stoppage  of  the  advancing  explosion.  This  is  rendered 
possible  by  the  flow  of  cold  air  firom  the  adjacent  chambers  and  workings 
along  the  floor  of  the  airway.  The  flame  now  retreats,  burning  the  trail  of 
carbonic-oxide  gas  along  the  roof,  fed  by  the  cold  air  along  the  floor. 

To  Explort  Worlcings  Artor  a  Sorious  Explosion.-*The  shafts  or  slopes  and  the 
ventilating  machinery  should  claim  the  first  attention  of  those  on  the 
surface,  and  an  effort  should  be  made  to  reach  the  bottom  as  expeditiously 
as  possible.  Assistance  ftom  neighboring  collieries,  both  iu  tne  way  of 
skilled  labor  and  advice,  should  also  be  requested.  Should  the  shaft  or  slope 
need  repairs  before  communication  between  top  and  bottom  is  restored,  the 
person  in  charge  on  the  surface  should,  in  the  meantime,  see  that  props  of 
the  lengths  in  ordinary  use,  brattice  boards,  brattice  cloth,  and  nails  are 
brought  to  a  convenient  place  for  putting  on  the  cage  or  car,  and  he  ought 
also  to  collect  all  the  tools  likely  to  be  reouired,  such  as  axes,  saws,  ham- 
mers, etc.  It  is  also  important  that  rougn  tracings  of  the  Workings  be 
prepared  for  the  use  of  the  leader  of  each  squad  of  explorers.  Officials  will 
understand  how  useful  these  will  be  to  those  that  are  penetrating  into  work- 
ings about  which  every  man  of  his  squad  may  have  been  heretofore  ignorant. 
When  the  explorers  have  arrived  at  the  bottom  and  are  ready  to  proceed, 
there  should  be  for  each  section,  if  more  than  one  is  operated  upon,  two 


362  VENTILA  TION  OF  MINES. 

managers,  each  having  his  own  squad  of  men,  and  his  own  particular  duty 
to  do.  One  may  take  charge  of  restoring  the  ventilation,  the  inspection  of 
the  workings,  and  the  clearing  of  the  roads;  the  other  may  appoint  and 
have  charge  of  the  bottom  man,  the  conveying  of  material,  and  the  detailing 
of  stretcher  companies  where  required.  They  can  consult  and  help  each 
other  in  every  diinculty,  but  system  is  necessary  if  the  work  is  to  be  done  in 
the  shortest  possible  time. 

The  manager  who  has  charge  of  the  men  in  front  should  appoint  two 
experienced  men  with  good  nerves  to  act  as  foremen,  instructing  them  to 
inspect  and  report  to  him  the  condition  of  the  workings  within  a  short 
radius.  He  should  then  form  the  rest  of  his  men  into,  say,  three  squads  of 
three  each,  who  will  work  together  at  stoppings  or  falls  until  separated  by 
him,  or  until  the  end  of  the  shift.  Being  near  the  bottom,  it  will  probably 
be  found  that  all  is  clear  for  three  or  four  breast  or  stoop  leneths,  and  stop- 
pings are  required  to  be  put  up.  Material  will  be  required  for  this,  and 
when  the  cage  is  first  sent  to  the  top  for  it,  it  should  not  be  kept  tbere  to 
enable  the  top  man  to  put  on  a  big  load,  but  it  should  be  sent  down  with  all 
despatch,  loaaed  with  a  half  dozen  each  of  props  and  brattice  boards,  with 
one  piece  of  cloth  and  nails.  This  will  allow  a  start  to  be  made,  and  will 
prevent  the  anxious  men  fh)m  worrying  over  what  to  them  is  an  unac- 
countable delay.  Larger  loads  can  be  sent  down  in  subsequent  trips.  For 
convenience  in  carrying,  the  brattice  cloth  may  be  cut  in  lengths  to  suit  the 
gangways  or  headings  with  2  or  3  ft.  to  spare.  Squad  No.  1  should  be 
detailed  to  the  first  stopping.  This  may  be  put  up  with  boards  at  top  and 
bottom  and  cloth  between.  If  the  air-current  is  strong,  a  few  of  the  follow- 
ing stoppings  may  be  put  up  by  squads  No.  2  and  No.  3,  with  cloth  only- 
stretched  between  two  props.  These  can  be  very  rapidly  put  up  and  wul 
drive  the  ventilation  forwards,  thus  allowing  the  firemen  to  extend  rapidly 
the  area  of  inspection.  These  stoppings  can  be  completed  by  No.  1  detail. 
In  a  short  time  it  may  becohie  impossible  to  proceed  in  this  manner.  The 
foul  air  will  in  all  probability  become  more  difficult  to  dislodge,  and  eventu- 
ally one  detail  may  be  able  to  put  up  stoppings  as  quickly  as  the  firedamp  or 
chokedamp  can  be  carried  off.  Part  of  what  may  be  called  the  ventilating 
detail  can  now  be  transferred  to  the  bearer  detail,  the  duties  of  the  latter 
having  become  heavier  as  the  stoppings  advanced.  It  is  not  an  easy  task  to 
carry  props  long  distances  in  a  stooping  posture,  and  when  to  that  is  added, 
it  may  be,  the  carrying  out  of  the  living  or  dead  bodies,  the  men  begin  to 
fag  very  soon.  But  the  person  in  charge  here  must  see  that  the  forward 
party  is  kept  in  material  for  stoppings  so  that  no  delay  may  occur  on  that 
account.    A  system  of  staging  gives  relief  to  the  carrying  parties. 

,To  conclude  with  a  few  general  remarks:  Let  those  that  have  never  yet 
assisted  to  explore  a  mine  after  an  explosion  be  assured  of  this,  that  the 
chief  requisites  in  a  leader  are  a  capacity  for  hard  work  and  the  ability  to 
organize  nis  men  into  a  system,  however  roughly,  whereby  work  will  be  best 
forwarded.  It  will  not  speed  the  work  to  say  to  a  dozen  or  more  men, 
generally,  do  this  or  that,  neither  is  it  beneficial  to  allow  all  the  workmen 
to  discuss  matters  and  suggest  plans.  Those  in  charge  ought  to  arrange  what 
is  to  be  done.  Anything  else  results  in  noise  and  confUsion.  And  let  men 
that  are  sent  from  other  collieries  take  with  them  their  own  tools  and  lamps. 
Those  in  charge  ought  to  take  note  of  the  position,  etc.  of  bodies  found,  and 
of  every  point  which  is  likely  to  throw  light  on  the  cause  or  origin  of  the 
explosion.  This  can  be  more  correctly  done  before  the  roads  are  disturbed 
by  dust  and  travel. '  These  notes  might  not  only  be  the  means  of  ascertain- 
ing the  cause  of  explosion,  but  also  of  pointing  out  a  way  of  prevention  in 
the  future. 

In  no  case  after  an  explosion  should  the  air-current  of  the  mine  be 
reversed  fh>m  its  usual  course,  except  only  after  carefUl  consideration, 
because  of  the  reliance  placed  by  the  entombed  workmen  on  their  knowl- 
edge of  the  direction  in  which  the  air  should  be  moving:  and  the  reversal 
of  the  current  may  drive  the  gases  of  tne  exploaon  upon  them  with  disas- 
trous results.  Conditions  must  be  allowed  to  remain  as  they  exist,  and  the 
rescuers  conform  themselves  to  such  conditions  in  the  best  manner  possible. 


QUANTITY  OF  AIR   REQUIRED   FOR  VENTILATION. 

The  quantity  of  air  required  for  the  adequate  ventilation  of  a  mine  can- 
not be  stated  as  a  rule  applicable  in  every  case.  Regulations  that  would 
supply  a  proi)er  amount  of  air  for  the  ventilation  of  a  thick  ^am  would  be 
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fouiwi  to  cause  g^eat  .inconvenience  if  applied  without-  modification  to  the 
workings  in  a  thin  seam.  Likewise,  the  ventilation  of  an  old  mine  with 
e:x:teiided  workings,  a  large  area  of  which  has  been  abandoned,  and  in  many 
cases  not  properly  sealeaoff,  will  require,  naturally,  a  larger  quantity  of  air 
per  capita  than  a  newly  opened  mine  or  shaft.  The  natural  conditions 
existing  in  rise  and  dip  workings,  with  respect  to  the  gases  that  mav  be 
liberated  or  generated  in  those  workings,  call  for  the  modification  of  the 
quantity  of  air  required  in  each  case.  For  example,  dip  workings,  where 
mucli  blackdamp  is  generated,  will  require  a  larger  quantity  of  air,  or 
lii^l:ier  velocity  at  the  working  race,  to  carry  off  such  damps;  and  rise  work- 
ings, liberating  a  large  amount  of  marsh  gas,  will  likewise  require  a  higher 
velocity  at  the  working  face.  On  the  other  hand,  a  reversal  of  these 
conditions,  such  as  a  large  quantity  of  marsh  gas  being  liberated  in  dip 
v^orlcings,  or  a  similar  amount  of  blackdamp  being  generated  in  rise  work- 
ing:s,  will  require  a  comparatively  low  velocity  of  the  air  at  each  respective 
^¥orking  place. 

Quantity  Required  by  Stste  Laws.— The  quantity  of  air  required  by  the 
la\¥^s  of  tne  several  States  is  generally  specified  as  100  cu.  ft.  per  man 
per  minute,  and  in  many  cases  an  additional  amount  of  500  cu.  ft.  per 
animal  per  minute  is  stated.  This  quantity  is  in  no  case  stated  as  the 
actual  amount  of  air^required  for  the  use  of  each  man  or  animal,  but  is  only 
tlie  result  of  experience,  as  showing  the  quantity  of  air  required  for  the 
proper  ventilation  of  the  average  mine,  based  on  the  number  of  men  and 
animals  employed.  The  number  of  men  employed  in  a  mine  is  an  indica- 
tion of  the  extent  of  the  working  face,  wnile  the  number  of  animals 
employed  is  an  indication  likewise  of  the  extent  of  the  haulage  roads,  or  the 
development  of  the  mine.  These  amounts  refer  particularly  to  non-gaseous 
seams. 

The  Bituminous  Mine  Law  of  Pennsylvania  specifies  that  there  shall  be 
not  less  than  100  cu.  ft.  per  minute  per  person  in  any  mine,  while  150  cu.  ft. 
are  required  in  a  mine  where  firedamp  has  been  detected. 

The  Anthracite  Mine  Law  of  Pennsylvania  specifies  a  minimum  quantity 
of  200  cu.  ft.  per  minute  per  person.  Each  of  these  laws  contains  modifying 
clausesi  which  specify  that  the  amount  of  air  in  circulation  shall  be  sufficient 
to  "dilute,  render  harmless,  and  sweep  away"  smoke  and  noxious  or 
dangerous  gases. 

Quantity  of  Air  Required  for  Diiution  of  Mine  Gases.— To  determine  this 
requires  a  knowledge  of  the  quantity  of  gas  generated  or  liberated  in  the 
workings.  The  quantity  of  air  for  dilution  should  be  ample,  and  should  be 
such  as  not  to  permit  the  condition  of  the  current  to  approach  the  explosive 
ix)int.    The  ventilation  should  be  ample  at  the  face. 

Quantity  of  Air  Required  to  Produoe  the  Neeeasary  Veiooity  of  Current  at  tlie 
Face.— This  consideration  modifies  considerably  tne  quantity  of  air  required 
for  the  ventilation  of  thick  and  thin  seams.  The  velocity  of  the  current  is 
dependent  not  only  on  the  quantity  of  air  in  circulation,  but  on  the  area  of  the 
air  passage.  This  area  is  quite  small  in  thin  seams,  and  often  very  large  in 
thick  seams.  As  a  result,  the  velocity  is  often  low  at  the  face  of  thick 
seams,  and  insufficient  for  the  proper  ventilation  of  the  face,  although  the 
quantity  of  air  passing  into  such  a  mine  may  be  very  large.  A  certain 
velocity  of  the  current  is  always  required  in  order  to  sweep  away  the  gases. 
This  velocity  depends  on  the  character  of  the  gases  and  the  position  of  the 
workings.  Heavy  damps  are  hard  to  move  from  dip  workings  where  they 
have  accumulated;  and,  likewise,  lighter  damps  accumulating  at  the  face 
of  steep  pitches  are  hard  to  brush  away,  and  the  velocity  of  the  current  in 
these  cases  must  be  equal  to  the  task  of  driving  out  these  gases. 


CLEMENTS  IN   VENTILATION. 

The  elements  in  any  circulation  of  air  are  (o)  horsepower,  or  power 
applied;  {h)  reSstance  of  the  airways,  or  mine  resistance,  which  gives  rise 
to  the  total  pressure  in  the  airway;  (c)  velocity  generated  by  the  power 
applied  against  the  mine  resistance. 

Horsepower  or  Power  of  tite  Current— The  power  applied  is  often  spoken 
of  as  the  power  upon  the  air.  It  is  the  effective  power  of  the  ventilating 
motor,  whatever  this  may  be,  including  all  the  ventilating  agencies, 
whether  natural  or  otherwise.  The  power  upon  the  air  mav  be  the  power 
exerted  by  a  motive  column  due  to  natural  causes,  or  to  a  furnace,  or  ma: 
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be  the  power  of  a  mechanical  motor.    The  power  upon  the  air  is  al^ 
measured  in  foot-pounds  per  minute,  which  expresses  the  units  of  woq 
accomplished  In  the  circulation. 

Mint  Rtsittsnct.— The  resistance  offered  by  a  mine  to  the  -peiaseige  of  < 
air-current,  or  the  mine  resistance,  is  due  to  the  friction  of  the  air  rubbiix 
along  the  sides,  top,  and  bottom  of  the  air  pa88a«[e8.  This  friction  causes  th 
total  ventilating  pressure  in  the  airway,  and  is  equal  to  it.  Calling  th 
resistance  B,  the  unit  of  ventilating  pressure  (pressure  per  square  foot)  0^^ 
and  the  sectional  area  of  the  airway  a,  we  have,  B  =  pa;  that  is  to  say,  tne ', 
total  pressure  is  equal  to  the  mine  resistance.  ' 

Vtrooity  of  the  Air-Curj-ftnt.— Whenever  a  given  power  is  applied  against  a 
given  resistance,  a  certain  velocity  results.  For  example,  if  the  power  « 
Tfoot-pounds  per  minute)  is  appUed  a^inst  the  resistance  pa,  &  Telocity  r 
(feet  per  minute)  is  the  result;  and  since  the  total  pressure  p  a  moves  at 
the  velocity  v,  the  work  performed  each  minute  by  the  xx)wer  applied  is  the 
product  of  the  total  pressure  by  the  space  through  which  it  moves  per 
minute,  or  the  velocity.    Thus,  u  =  (pa)  v. 

Relation  of  Power,  Protaure,  and  Velocity.— The  relation  of  these  elements  of 
ventilation  is  not  a  simple  relation.  For  example,  a  nven  power  applied  to 
move  air  through  an  airway  establishes  a  certain  resistance  and  velocity  in 
the  airway.  The  resistance  of  the  airway  is  not  an  independent  factor;  that 
is  to  say,  it  does  not  exist  as  a  fiBictor  of  the  airway  Independent  of  the 
velocity,  but  bears  a  certain  relation  to  the  velocity.  Power  always  produces 
resistance  and  velocity,  and  these  two  factors  always  sustain  a  fixed  relation. 

This  relation  is  expressed  as  follows:  The  total  pressure  or  resistance  varifff 
as  the  square  of  the  velocity;  i.  e.,  if  the  power  is  sufficient  to  double  the 
velocity,  the  pressure  will  be  increased  4  times;  if  the  power  is  sufficient  to 
multiply  the  velocity  3  times,  the  pressure  Mill  be  increased  9  times.  Thus, 
we  observe  that  a  change  of  power  applied  to  any  airway  means  both  a 
change  of  pressure  and  a  change  of  velocity. 

Again,  since  the  power  is  expressed  by  the  equation  u  =  {pa)  r,  and  since 
pa,  or  the  total  pressure,  varies  as  «*,  the  work  varies  as  v».  From  this  it 
follows  that,  if  the  velocity  is  multiplied  by  2,  and,  consequently,  the  total 

Sressure  by  4,  the  work  performed  {pa)v  will  be  multiplied  by  2»  =  8.    We 
lus  learn  that  the  power  applied  varies  as  the  cube  of  the  vaocity. 


MEASUREMENT  OF  VENTILATING  CURRENTS. 

The  measurement  and  calculation  of  any  circulation  in  a  mine  airway 
includes  the  measurement  of  (a)  the  velocity  of  the  air-«urrent,  (6)  of  pres- 
sure, (c)  of  temperature,  (d)  calculation  or  pressure,  quantity,  and  horse- 
power of  the  circulation. 

These  measurements  should  be  made  at  a  point  in  the  airway  where  the 
airway  has  a  uniform  section  for  some  distance,  and  not  fitr  from  the  foot  of 
the  downcast  shaft  or  the  fan  drift. 

Meaaorement  of  Velooity.— For  the  purpose  of  mine  inspection,  the  velocitv 
of  the  air-current  should  be  measured  at  the  foot  of  the  downcast,  at  the 
mouth  of  each  split  of  the  air-current,  and  at  each  inside  breakthrough,  in 
each  split.  These  measurements  are  necessary  in  order  to  show  that  ul  the 
air  dedgned  for  each  split  passes  around  the  face  of  the  workings. 

The  measurement  of  the  velocity  of  a  current  is  best  made  by  means  of 
the  anemometer.  This  instrument  consists  of  a  vahe  placed  in  a  circular 
frame  and  having  its  blades  so  inclined  to  the  direction  of  its  motion  that 
1  ft.  of  lineal  velocity  in  the  passing  air-current  will  produce  1  revolution  of 
the  vane.  These  revolutions  are  recorded  by  means  of  several  pointers, 
each  having  a  separate  dial  upon  the  face  or  the  instrument,  the  motion 
being  communicated  by  a  series  of  gear-wheels  arranged  decimally  to  each 
other.  Most  anemometers  are  provided  Mrith  a  large  central  pointer  that 
makes  1  revolution  for  each  100  revolutions  of  the  vane.  The  dial  for  this 
pointer  Is  marked  by  100  divisions,  which  record  the  number  of  lineal  feet 
of  velocity.  In  very  accurate  work  with  the  anemometer,  certain  coiutants 
are  used  as  suggested  by  the  instrument  maker,  but  these  constants  are  of 
little  value  in  ordinarv  practice  and  are  of  doubtfhl  value  even  in  more 
accurate  observations. 

The  measurement  of  the  velocity  of  an  air-current  must  necessarily 

represent  only  approximately  the  true  velocity  in  the  airway.    The  air 

avels  with  a  greater  velocity  in  the  center  of  the  airway,  ^d  is  retarded  at 
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the  sides,  top,  and  bottom  by  the  firiction  of  these  surfiEices.  Hence,  the 
air  to  a  large  extent  rolls  upon  these  surfieuses,  which  naturally  generates  an 
eddy  at  the  sides  of  airways.  When  measuring  the  air,  the  anemometer 
should  be  held  in  a  position  exactly  perpendicular  to  the  direction  of  the 
current,  and  moved  to  occupy  dinerent  positions  in  the  airway,  being 
held  an  equal  time  in  each  position,  or  it  may  be  moved  continuously 
around  the  margin  of  the  airway,  and  through  the  central  portion.  The 
person  taking  the  observation  should  observe  the  caution  of  not  obstruct- 
ing the  area  of  the  airway  by  his  body,  as  the  area  is  thereby  reduced,  and 
the  velocity  of  the  current  increased.  The  area  of  the  airway  is  accurately 
measured  at  the  point  where  the  observations  are  taken  (see  Calculation  of 
Quantity). 

To  obtain  the  quantity  of  air  passing  (cubic  feet  per  minute),  multiply 
the  area  of  the  airway,  at  the  point  where  the  velocity  is  measured,  by  the 
velocity. 

Example.— The  anemometer  gives  a  reading  of  1,320  ft.  in  2  minutes,  the 
height  of  the  airway  is  6  ft.  6  in.,  and  its  average  width  8  ft. -8  in.  What 
volume  of  air  is  passing  in  the  airway  per  minute  7 
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37,180  cu.  ft.  per  min. 


The  measurtmtnt  of  the  ventilating  pressure  is  made  by  means  of  a  water 
tlumn  in  the  form  of  a  water  gauge. 
Water  Gauge.— The  water  gauge  is  £dmply  a  glass  U  tube  open  at  both  ends. 


column  in  the  form  of  a  water  gauge. 

Water  Gauge.— The  water  gauge  is  simply  i  _ 
Water  is  placed  in  the  bent  portion  of  the  tube,  and  stands  at  the  same 


height  in  both  arms  of  the  tube  when  each  end  of  the  tube  is  subjected  to 
the  same  pressure.  U; 
however,  one  end  of  the 
tube  is  subjected  to  a 
^^/  >  ^-v  greater  pressure  than 
(Mi  ll:  <jA  the  Other  end,  the  water 
^i^  HI  I W1  will  be  forced  down  in 
that  arm  of  the  tube, 
and  will  rise  a  corre- 
sponding heiffht  in  the 
other  arm,  the  differ- 
ence of  level  in  the  two 
arms  of  the  tube  repre- 
senting the  water  col- 
umn balanced  by  the 
excess  of  pressure  to 
which  the  water  in  the 
first  arm  is  subjected. 
An  adjustable  scale 
graduated  in  inches 
measures  the  height  of 
the  water  column.  The 
zero  of  the  scale  is  ad- 
justed to  the  lower 
water  level,  and  the 
upper  water  level  will 
then  give  the  reading  of  the  water  gauge.  One  end  of  the  glass  tube  is 
drawn  to  a  narrow  opening  to  exclude  dust,  while  the  other  end  is  bent  to 
a  right  angle,  and  passing  back  through  the  standard  to  which  the  tube  is 
attached,  is  cemented  into  the  brass  tube  that  passes  through  a  hole  in  the 
partition  or  brattice,  when  the  water  gauge  is  in  use.  The  bend  of  the  tube 
is  contracted  to  reduce  the  tendency  to  oscillation  in  the  height  of  water 
column.    (See  Fig.  5.) 

When  in  use,  the  water  gauge  must  be  in  a  perpendicular  position.  It  is 
placed  upon  a  brattice  occupying  a  position  between  two  airways,  as  shown 
at  A,  Fig.  6.  The  brass  tube  forming  one  end  of  the  water  gauge  is 
inserted  in  a  cork,  and  passes  through  a  hole  bored  in  the  brattice.  The 
water  gauge  must  not  be  subjected  to  the  direct  force  of  the  air-current,  as 
in  this  case  the  true  pressure  will  not  be  given.  Fig.  6  shows  the  instrument 
as  occupying  a  position  in  the  breakthrough,  between  two  entries.  It  will 
be  observed  that  the  water  gauge  records  a  difference  of  pressure,  each  end 
of  the  water  gauge  being  subject  to  atmospheric  pressure,  but  one  end  i- 
addition  being  subject  to  the  ventilating  pressure,  which  is  the  difference  ( 
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pressure  between  the  two  entries.    The  water  gauge  thus  enables  us  I 
measure  the  resistance  of  the  mine  ittbye  from  its  position  between  t? 
airways.    If  placed  in  the  first  breakthrough,  at  the  foot  of  the  shaft, 
measures  the  entire  resistance  of  the  mine,  but  if  placed  at  the  mouth  of  i 
split,  it  measures  only  the  resistance  of  that  split.    It  never  meaaires  iH 
resistance  outbye  from  its  position  in  the  mine,  but  always  inbye  (see  Calcula* 
tion  of  Pressure). 

Measurement  of  Temperature. —It  is  important  to  measure  the  temperature 
of  the  air-current  at  tne  point  where  the  velocity  is  measured,  as  the  tem 
perature  is  an  importcmt  factor  of  the  volume  of  air  passing  (see  Expook 
sion  of  Air  and  Gftses,  etc. ). 

Thermometers.— Thermometers  measure  changes  in  the  temperature  of  th| 
atmosphere  by  the  contraction  and  expansion  of  mercury  or  spirits;  or  the| 
may  be  made  entirely  of  metal,  and  the  changes  of  temperature  are  theil 
measured  by  the  exj)ansion  and   contraction   of  the  sensitive  metallic 

Eortion.  These  latter  are  known  as  aneroid  thermometers.  The  Fahren* 
eit  thermometer  is  the  one  most  commonly  used  in  America.  By  thii 
scale,  the  freezing  point  of  water  at  the  sea  level  is  placed  at  32°  above  zero? 
the  boiling  point  or  water  at  sea  level  is  placed  at  212°  above  zero,  so  that  the 
space  between  these  two  points  is  divided  into  180°. 

Reaumur  and  Centigrade  thermometers  are  used  on  the  continent  of 
Europe.  Of  these  two,  the  first  is  generally  used  in  Germany,  and  the 
second  in  France,  but  the  latter  is  almost  exclusively  used  by  the  scientists 
of  all  nations. 

In  the  Reaumur  thermometer,  the  freezing  and  boiling  points  are  placed 
at  0°  and  80°,  respectively.  In  the  Centigrade,  the  freezing  and  boiling 
points  are  placed  at  0°  and  100°,  respectively. 

To  Convert  Fahrenheit  Into  Centigrade.— (1)  Subtract  32  and  divide  the 
remainder  by  1.8,  or  multiply  by  |. 

If  a  Fahrenheit  thermometer  registers  167°,  what  will  be  the  register  by  a 
Centigrade  thermometer  ? 

-Ys^  =  '^°  Centigrade.    <1«L- 32)5  ^  ^^^  centigrade. 

To  Convert  Centigrade  Into  Fahrenheit— (1)  Multiply  by  1.8,  or  |,  and  Add  32. 
If  the  Centigrade  thermometer  registers  75°  what  will  be  the  register  by  a 
Fahrenheit  thermometer? 

75  X  1.8  +  32  =  167°  Fahrenheit.     — ?  -  +  32  =  167°  Fahrenheit. 

0 

To  Convert  Fahrenheit  Into  Riaumur.— (1)  Subtract  32,  and  divide  by  2.'.^. 
or  multiply  by  |. 

If  the  Fahrenheit  thermometer  registers  113°,  what  will  be  the  register  by 
the  Reaumur  thermometer? 

— 1^-  =  36°  R<?aumur.    .<^i?.- 32)4  _  3^0  Reaumur. 

To  Convert  Reaumur  Into  Fahrenheit— (1)  Multiply  by  2.25,  or  multiply  by  |. 
and  add  82. 

If  the  Reaumur  thermometer  registers  36°,  what  will  be  the  register  by 
the  Fahrenheit  thermometer? 

36  X  2.25  +  32  =  113°  Fahrenheit.      -^-  +  32  =  113°  Fahrenheit. 

4 

To  Convert  Reaumur  Into  Centigrade.— Multiply  by  1.25. 

If  a  Reaumur  thermometer  registers  32°,  what  will  be  the  register  by 
a  Centigrade  thermometer? 

32  X  1.-25  =  40°  Centigrade. 

To  Convert  Centigrade  Into  Reaumur.— Multiply  bv  .8. 

If  a  Centigrade  thermometer  registers  40°,  what  will  be  the  register  by 
a  Reaumur  thermometer? 

40X.8  =  32°  Reaumur. 

Calculation  of  Mine  Resistance.— The  mine  resistance  is  equal  to  the  total 
pressure  p  a  that  it  causes.  This  mine  resistance  is  dependent  upon  three 
factors:  (a)  The  resistance  k  offered  by  1  sq.  ft.  of  rubbing  surface  to 
a  current  having  a  velocity  of  1  ft.  per  minute.  The  coefficient  o/frictUm  I 
or  the  unit  of  resistance,  is  the  resistance  offered  by  the  unit  of  rubbing  sur- 
face to  a  current  of  a  unit  velocity.  This  unit  resistance  has  been  variouslT 
estimated  by  different  authorities  (see  following  table).    The  value  most 

aiversally  accepted,  however,  is  that  known  as  the  Atkinson  coefacient 
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(.0000000217).  (b)  The  mine  resistance,  which  varies  as  the  square  of  the 
velocity,  (c)  The  rubbing  surface.  Hence,  if  we  multiply  the  unit  resist- 
ance by  the  square  of  the  velocity,  and  by  the  rubbing  surface,  we  will 
obtain  the  total  mine  resistance  as  expressed  by  the  formula  pa  =  ktif. 

Tabls  of  Vabious  Coefficients  of  Friction  of  Aik  in  Mines. 

Preasare  per 

Sq.  Ft.  Deolmali 

of  a  Poand. 

J.  J.  Atkinson's  treatise  0000000217 

A.  Devillez  in  Ventilation  des  Mines: 

Forchies 000000008211 

Crachet-Picquery 000000008928 

Grand  Baiason 000000008611 

Average  of  2,  3,  and  4 000000008585 

Used  in  Ventilation  des  Mines 000000009511 

Arched  Tunnels 000000002113 

Along  a  working  face  of  coal 000000014266 

Q.  G.  Andre,  Atmosphere  of  Ckwil  Mines 000000022424 

Peclet,  Cheminee  (Devillez,  p.  112) 000000003697 

I>.  K.  aark 000000002272 

According  to  Goupllliere's  Cours  d'  Exploitation  des  Mines, 
Vol.  II,  p.  389: 

D'Aubuiason 000000001956 

Navier 000000001872 

W.  Fairley 00000001 

J.  Stanley  Jamea - 00000000929 

It  will  be  observed  that  J.  J.  Atkinson's  coefficient  is  greatlv  in  excess  of 
any  other,  with  the  exception  of  Andre's.  Fairley's  is  derived  fh>m  an 
average  taken  between  Atxinson,  Devillez,  and  Clark,  and,  undoubtedly,  it 
is  an  exceedingly  simple  coefficient  to  work  out  calculations  with,  as  it  will 
save  a  great  mass  of  figures.  James,  in  his  work  on  colliery  ventilation, 
reduces  the  coefficient  still  further  on  the  authority  of  the  Belgian  Mine 
Commission,  but  he  gives  a  most  unwieldy  figure  to  use. 

Atkinson's  figure  is  the  one  most  in  use,  and  if  it  Is  too  high,  it  errs  on  the 
side  of  safety,  and  it  is  always  advisable  to  have  plenty  of  spare  ventilating 
power  at  a  mine.    For  this  reason,  and  until  a  regular  and  thorough  investi- 

Sation,  made  by  a  commission  of  competent  men,  provides  a  standard  coef- 
cient,  we  prefer  to  abide  by  Atkinson's  coefficient,  and  ft  is  used  in  all  our 
calculations. 

Calculation  of  Powor,  or  Units  of  Work  per  Minute.— If  we  multiply  the  total 
pressure  by  the  velocity  (feet  per  minute)  with  which  it  moves,  we  obtain  the 
units  of  work  per  minute,  or  the  power  upon  the  air.  Hence,  u  =  pav  = 
k  8  v^,  which  is  the  Aindamental  expression  for  work  per  minute,  or  power. 

The  Equivalent  Orifice.— This  term,  often  used  in  regard  to  ventilation, 
evaluates  the  mine  resistance,  or,  as  mtIII  be  seen  trora.  the  equation  given 
below  for  its  value,  it  expresses  the  ratio  that  exists  between  the  quantity 
of  air  passing  in  an  airway  and  the  pressure  or  water  gauge  that  Is  produced 
by  the  circulation.  This  term  was  suggested  by  M.  Daniel  Murgue,  and 
refers  to  the  flow  of  a  fluid  through  an  orifice  in  a  thin  plate,  under  a  given 
head.  The  formula  expressing  the  velocity  of  flow  through  such  an  orifice 
is  v  =  y^ffh;  multiplying  both  members  of  this  equation  hyA,  and  substi- 
tuting for  the  first  member  A  v,  its  value  q,  we  have,  after  transposing  and 

correcting  for  vena  contracta,  A— % ,  in  which  .62  is  the  coefficient  for 

.62l/2flr/i 
the  vena  contracta  of  the  flow.    Reducing  this  to  cubic  feet  per  minute  and 
inches  of  water  gauge  represented  by  i,  we  have,  finally,  the  equation 

A  =  .0004  X  -— .    By  this  formula,  Murgue  has  suggested  assimilating  the 

yi 
flow  of  air  through  a  mine  to  the  flow  of  a  fluid  through  a  thin  plate;  since, 
in  each  case,  the  Quantity  and  the  head  or  pressure  vary  in  the  same  ratio. 
Thus,  applying  this  formula  to  a  mine,  Murgue  multiplies  the  ratio  of  the 
quantity  or  air  passing  (cubic  feet  per  minute)  and  tne  square  root  of  the 
water  gauge  (inches)  by  .0004,  and  obtains  an  area  A,  which  he  calls 
the  equivalent  orifice  of  the  mine. 

Potential  Factor  of  a  Mine.    {Proposed  by  /,  Z  5card.)— Equations  8  a.nd  2" 
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pages  370-371,  give,  respectively,  tlie  pressure  and  the  power  that  will  cirea- 
late  a  given  quantity  or  air  per  minute  in  a  given  airway.  These  equatioiis 
may  be  written  as  equal  ratios,  expressed  in  factors  of  the  current  and  the 

airway, respectively;  thus,  5  =  — a»  Mid  ^  ="  "«•  w^^<^^  show  that  the  ratio 

between  the  jyressure  and  the  square  or  the  quantity  it  circulates  in  any 
given  airway  is  equal  to  the  ratio  between  the  power  and  the  cube  of  the 
quantity  it  circulates.    Solving  each  of  these  equations  with  respect  to  g, 
we  have  the  following: 
With  respect  to  pressure, 

With  respect  to  power. 

Hence,  we  observe  that,  in  any  airway,  for  a  constant  pressure,  the  quan- 
tity of  air  in  circulation  is  proportional  to  the  expression  a\jj~'f  and, /or  a 

\*«  ^ 

constant  power,  the  quantity  is  proportional  to  the  expression      ,  which 

yks 
terms  are  called  the  potentials  of  the  mine  with  respect  to  pressure  and 

power,  respectively;  and  their  values  -7=  and  -^  are  the  potentials  of  the 

yp  F« 
current  with  respect  to  pressure  and  power,  respectively.  These  factors,  it 
will  be  observed,  evaluate  the  airway,  as  the^  determine  the  quanti^  of  air 
a  given  pressure  or  power  will  circulate  in  tiiat  airway  (cubic  feet  per 
minute).  By  their  use,  the  relative  quantities  of  air  any  given  pressure  or 
power  will  circulate  in  different  airways  are  readily  determined.  The  rule 
may  be  stated  as  follows: 

m\9.—For  any  given  pressure  or  power,  the  quantity  of  air  in  circulation  is 
always  proportional  to  the  potential  for  pressure,  or  the  potential  for  power,  as 
the  case  may  he. 

This  rule  finds  important  application  in  splitting  (see  Calculation  of 
Natural  Splitting).  In  all  cases  where  the  potential  is  used  as  a  ratio,  the 
relative  potential  may  be  employed  by  omitting  the  factor  *;  or  it  may  be 
employed  to  obtain  the  pressure  and  power,  in  several  splits  by  multiplying 
the  final  result  by  k  (see  Formulas  46, 47,  etc.,  page  378). 

Example.—  20,000  cu.  ft.  of  air  is  passing  in  a  mine  in  which  the  airway 
is  6  ft.  X  8  ft.,  and  10,000  ft.  long,  under  a  certain  pressure;  it  is  required  to 
find  what  quantity  of  air  this  same  pressure  wiU  circulate  in  a  mine  in  which 
the  airway  is  6  ft.  X  12  ft.,  and  8,000  ft.  long. 

Calculating  the  potential  Xp  with  respect  to  the  pressure  for  each 
of   these   mines,    or   airways,   we    have,   using   the   relative  potential, 


6X12 


X.^6X8^-2^-^-4^><A^^ 

=  1.1384.  Since  the  ratio  of  the  quantities  is  equal  to  the  ratio  of  the 
potentials  with  respect  to  pressure,  in  these  two  mines,  we  write  the  propor- 

Q{\  OflO  V  1  T184. 

tion  20,000 :  92  : :  -62846 : 1.1384,  and  g,  =  '  ..^.^  =  36,229  cu.  ft.  per 
min.  .d2o4o 

Example.—  20,000  cu.  ft.  of  air  is  passing  in  a  mine  in  which  the  airway 
is  6  ft.  X  8  ft.,  and  10,000  ft.  long,  under  a  certain  power;  it  is  required  to  finci 
what  quantity  of  air  will  be  circulated  by  this  same  power  in  a  mine  in 
which  the  airway  is  6  ft.  X  12  ft.,  and  8,000  ft.  long. 

We  calculate  the  potential  X„  with  respect  to  power  for  each  of  these 

6X8 
mines,  using,  as  before,  the  relative  potential.    Thus,  Xi  = 

6X12  F  2(6+ 8)  X  10,000 

-    .7337,  and  X^  =  ^ 1.0905.   Then,  in  this  case,  since  the 

r  2(6-}- 12)  X  8,000 
•tio  of.  the  quantities  is  equal    to  the  ratio  of^the   potentials  witl^ 

iifzedbvCnOOOle 
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respect  to  power,  we  write  the  proportion,  20,000  :  Qs  : :  .7337  :  1.0905,  and 

_  2O.O0OXl.O905  ^  ft.  peruJn. 

.7337  '  *^ 

The  following  table  will  serve  to  illustrate  the  use  of  the  formulas 
employed  In  these  calculations.  It  will  be  observed  that  there  are 
several  formulas  for  quantity,  and  for  velocity,  and  for  work  or  horse- 
power, but  in  each  respective  case  the  sevenu  formulas  are  derived  by 
simple  transposition  of  the  terms  of  the  orisinal  formula,  and  are  tabulated 
liere  for  convenience.  Choice  must  be  made  in  the  use  of  any  of  these  for- 
mulas, according  to  the  known  terms  in  each  example.  Thus,  an  example 
xaay  ask:  What  pressure  will  be  produced  in  passing  a  siven  quantity  of  air 
through  a  certain  mine,  the  size  and  length  of  the  aJrways  being  given  ? 

We  then  use  the  formula  p  =  — ^.  But  if  the  question  asks  what  quan- 
tity of  air  a  given  pressure  will  produce  in  this  same  mine,  we  use  the 
formula  q  =  -xj^  X  a.    It  will  be  observed  that  this  second  formula  is  a 

simple  transposition  of  the  first. 

In  like  manner  the  question  may  be  asked,  what  power  will  produce  a 
certain  quantity  of  air  in  a  certain  airway;  and  the  expression  used.  In  this 

hscfi 
case,  is  tt  =  — ^.    Or,  the  question  may  be  asked,  what  quantity  of  air  will 

be  produced  in  a  given  airway  by  means  of  a  certain  power  or  work  applied 
to  the  airway.  In  this  case,  the  formula  used  is  q  =  a '%/ r~'  ^  ^^  ques- 
tion asks  for  the  power  required  to  produce  a  given  velocity  in  a  given  air- 
-way,  the  formula  employed  is  u  =  kst^.    All  of  these  formulas  are  derived 

by  combining  the  simple  formulas  p  = ,  g  =  ov,  tfnd  u  ■»  qp. 

To  Illustrate  the  use  of  the  formulas,  we  take  as  an  example  an  under- 
ground road,  5  ft.  wide  by  4  ft.  high,  and  2.000  ft.  in  length,  and  calculate  the 
value  of  each  symbol  or  letter,  assuming  a  velocity  of  500  ft.  per  minute. 


Valoc  of  Symbol  for  thi 
Particular  Example. 


Area  of  airway  (5  ft.  X  4  ft.) 

Horsepower*   

Coeflacient  of  friction  t 

length  of  airway   

Perimeter  of  airway,  2(5  ft.  +  4  ft.)  

Pressure  (lb.  persq.  ft.) 

Quantity  of  air  (cu.  ft.  per  min.)    

Area  of  rubbing  surface 

Units  of  work  per  minute  (power) 

Velocity  (ft.  per  min.) 

Water  gauge 

Equivalent  orifice  of  the  mine 

Potential  for  power  

Potential  for  pressure 

Weight  of  1  cu.  ft.  of  downcast  air. 

Motive  column  (downcast  air)   

Depth  of  fUmace  shaft 

Average  temperature  of  the  upcast  column- 
Average  temperature  of  the  downcast  column 


20  sq.ft. 
2.959  H.  P. 
.0000000217  lb. 
2,000  ft. 
18  ft. 
9.766  lb. 
10,000  cu.  ft. 
36,000  sq.  ft. 
97,650  ft.-lb. 
500  ft. 
1.87788  in. 
2.919  sq.  ft. 
217.16  units. 
3,200  units. 
.080981b. 
120.5  ft. 
306.77  ft. 
350°  F. 
32°  F. 


•  A  borsepower  is  equal  to  8S,000  units  of  work. 

t  Thia  ooefflcient  of  fr^otloD  la  an  invariable  quantity,  and  ii  tbe  same  in  every  calculation 
relating  to  the  friction  of  air  in  minei. 

Note.— The  water  gauge  is  calculated  to  five  decimal  places  to  enable  all 
the  other  values  to  be  accurately  arrived  at.  In  practice,  it  is  only  read  to 
one  decimal  place. 


370 


VENTILATION  OF  MINES. 


FORMULAS. 

On  the  right  side  of  each  formula,  the  various  calculations,  based  on  the 
example  given,  are  worked  out  in  figures. 


To  Find: 

No. 

Formula. 

Specimen  Calculation. 

Rubbing  sur- 
face of  an  air- 
way.  (Sq.ft.) 

1 

8=  lo 

2,000X18  =  36,000  sq.ft. 

Area  of  an 

airway.  (Sq.ft.) 

2 

V 

1«^  =  20  sq.ft.  of  area. 

.  Velocity. 
(Ft.  permin.) 

3 

4 
5 

iP  « 

i?.f?  =  500ft. 

\  .0000000217  X  36,000 

/          9.765X20           _ 
M  .0000000217  X  36,000  ~  ^  "* 

6 

u 
^  =  -p-a 

97,650 
9.765X20  =  ^"- 

Pressure. 
(Lb.  per  sq.ft.) 

7 

k  8  r'-J 

.0000000217  X  36,000  X  5002       ^  ^^^^ 
20 

8 

p  =  ^t 
^         a^ 

.0000000217  X  36,000  X  10.0003 

20^»        

=  9.765  lb. 

9 

u 

1^  — 

10 

p  =  Mw 

120.58  X. 08098  =  9.765  lb. 

11 

p  =  5.2  i 

5.2X1.87788  =  9.7651b. 

12 

^-h 

^^— • 

13 
14 

'-h 

(^)'— 

Water  gauge. 
(Inches.) 

'-& 

Yf  -  1.87788  in. 

Resistance  of 
an  airway. 
(Total  pressure, 

15 
16 

pa  =  ksv^ 

.0000000217  X  36,000  X  500«  =  195.3  lb. 

ntizedbvCOOQle 
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To  Find: 

No. 

Formula. 

Specimen  Calculation. 

Quantity. 
(.Cu.ft.permin) 

17 

q  =  av 

20  X  500  =  10,000  cu.  ft. 
^•^^10,CXX)cu.ft. 

18 

'^P 

19 

^-yil>^ 

^/_^i7«5X20 
\  .0000000217  X  36,000  ^ 
=  10,000  cu.  ft. 

20 

1 

^  =  #.Xa 

3/    _       .97,(550        " 
\  .0000000217  X  36,000  ^ 
=  10,000  cu.  ft. 

21 

^^Xju 

217.16  X  f  97;650  =  10,000  cu.  ft. 

22 

q  =  f'Xy^i 

^3,200^  X  97,650  ^  10,000  cu.  ft.. 

23 

24 
25 

q  =  X^Vp 

3,200  X  >/ 97765  =  10,000  cu.  ft. 

Units  of  work 
per  minute,  or 
power  on  the 
air. 
(Ft.-lb.permin) 

ti  -^  a  vp 
u  =-  qp 

20  X  500  X  9.765  -  97,650  ft.-Ib. 
10,000  X  9.765  =  97,650  ft.-lb. 

26 

u  ^  k%v^ 

.0000000217  X  36,000  X  500^ 
=  97,650  ft.-lb. 

27 

a' 

.0000000217  X  36,000  X  10,0003 

20'* 

=  97,650  ft.-lb. 

28 

u  =  A33,000  . 

2.959  X  33,000  =  97,650  ft.-lb. 

29 

'--& 

-^«^  =  «v,aao«..ib. 

30 

-i' 

-:-  =  o:,e.n.-.. 

Horsepower. 

31 

33,000 

S:^  — P. 

Power  Doten- 
(TJiSts.) 

32 

—  '^17  lfinnit«! 

#^:0000000217  X  36,000 

33 

fm  =  -.«uni.. 

34 

fa 

.}0m-  ^  217.16  units. 

^ooQle 
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To  Find:       ;No.! 


Pressure  poten- 
tial. 
(Units.) 


Eqoiyalent 
orifice. 
(Sq.  ft.) 


35 


36 


Motivecolumn, 

downcast  air. 

(Feet.) 


Motivecolumn, 

upcast  air. 

(Feet.) 


40 


Formula. 


Specimen  Calculation. 


=«v^ 


V  p 


A  = 


.00049 


J 


20 


^  \  .0000000217  X  36,000 
=  3,200  units. 

10,000 


V  9.765 


=  3,200  units. 


.0004  X  10,000 


1/1.87788 


2.919  sq.  n. 


M^DX 


T-t 
459+  t 


^=-°X4^-+l 


w 


306.77X:^^=  120.5  ft. 


^459  +  350 
9.765 


.08098 


120.5  ft. 


306.77  X^S-=^=  198.7  ft. 


'459  +  S 


198.7  ft. 


Variation  of  tiio  Elomonts.— In  the  illustration  of  the  forcing  table,  we 
have  assumed  fixed  conditions  of  motive  column,  as  well  as  fixed  conditions 
in  the  mine  airways.  It  is  often  convenient,  however,  to  know  how  the 
different  elements,  as  velocity  v,  quantity  q,  pressure  p,  power  t*,  etc.,  will 
vary  in  different  circulations;  since  we  may,  by  this  means,  compare  the 
circulations  in  different  airways,  or  the  results  obtained  by  applying  different 
pressures  and  powers  to  the  same  airway.  These  laws  of  variation  must 
always  be  applied  with  great  care.  For  example,  before  we  can  ascertain 
how  the  quantity  in  circulation  will  varv  in  different  airways,  we  must 
know  whether  the  pressure  or  the  power  is  constant  or  the  same  for  each 
airway.    The  following  rules  may  always  be  applied: 


V  varies  as-x/^; 


q  varies  as  ov/7-  (relative  poten- 


q  varies  as— _  (relative  potential 
p  varies  as  — ;    u  varies  as  1 0. 


For  •  constont  pressure: 
tial  for  pressure). 

For  •  constant  power:    v  varies  as  - 
for  power). 

For  i  conitint  velocity:    q  varies  as  a; 

For  a  constant  quantity:  v  varies  inversely  as  a;  p  varies  invertdy  as  X.' 
(potential  for  power);  u  varies  inversely  as  X^  (potential  for  power)  m 
directly  asp. 

For  the  same  airway:  The  following  terms  vary  as  each  other:  v,  q, 
l/p,  fu. 

Similar  Airways. 
r  =  length  of  similar  side,  or  similar  dimension. 

q  varies  as  r«  X  a/t;  ' 


For  a  constant  pressure:  v  varies  as 


,  orv^Tg*. 


Vf 


rvariesas 


Digitized  by  VjOOQIC 


1  S/V" 

For  a  oonsttnt  pow«r.    v  varies  as  -^— ;    g  varies  as  r  X  A/y ;   r  varies  as 


1  Vi-IS 
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For  •  oonsttnt  vtloeity:    q  varies  as  rS;   p  varies  as  -;    u  varies  as  Ir; 

r  variss  as  j/g,  -,  or  ^. 

For  •  oonstant  qsintity:    v  varies  inver«f<y  as  r*;   p  and  «  vary  invertdy  as 

r6  _,  1        s/T"  s/T 

FuBNACB  Ventilation.  _ 

p  (motive  column)  varies  as  D;    q  varies  as  i^D. 
Fan  Ventilation. 

It  has  been  customary  in  calculations  pertaining  to  the  yield  of  centrif- 
ugal ventilators  to  assume  as  follows:  q  varies  as  n;  p  varies  as  n*; 
u  varies  as  n*. 

More  recent  investigation,  however,  shows  that  when  we  double  the 
speed  we  do  not  obtain  double  the  quantity  of  air  in  circulation;  or,  in  other 
words,  the  quantity  does  not  vary  exactly  as  the  number  of  revolutions  of 
the  fan.  Investigation  also  points  to  the  fact  that  the  efficiency  of  centrif- 
ugal ventilators  deerecua  as  the  speed  incretuet.  To  what  extent  this  is  the 
case  has  not  been  thoroughly  established.  The  variation  between  the  speed 
of  a  fan  and  the  quantity,  pressure,  power,  and  efficiency,  as  calculated  m>m 
a  large  number  of  reliable  fan  tests,  may  be  stated  as  follows: 

For  ths  iiffis  fon,  discharging  against  a  constant  potential:  o  varies  as  n-«7. 
p  varies  as  n  ^•^.    Complement  C(f  eMciency  {1  —  K)  varies  as  n*^. 

The  cadency  here  referred  to  is  the  mechanical  efficiency,  or  the  ratio 
between  the  effective  work  qp  and  the  theoretical  work  of  the  fan. 
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When  a  mine  is  first  opened,  the  air  is  conducted  in  a  single  current 
around  the  face  of  all  the  headings  and  workings,  and  returns  again  to  the 
upcast  shaft,  where  it  is  discharged  into  the  atmosphere.  As  the  develop- 
ment of  the  mine  advances,  however,  it  becomes  necessary  to  divide  the  air 
into  two  or  more  splits  or  currents.  This  division  or  splitting  of  the  air- 
current  is  usually  accomplished  at  the  foot  of  the  downcast,  or  as  soon  as 
possible  after  the  current  enters  the  mine.  There  are  several  reasons  why 
the  air-current  should  be  thus  divided.  The  most  important  reason  is  that 
the  mine  is  thereby  divided  into  separate  districts,  each  of  which  has  its 
own  ventilating  current,  which  may  be  increased  or  decreased  at  will. 
Fresh  air  is  thus  obtained  at  the  face  of  the  workings,  and  the  ventilation  is 
under  more  perfect  control.  It  often  happens  that  certain  portions  of  a  mine 
are  more  gaseous  than  others,  and  it  is  necessary  to  increase  the  volume  of 
.  air  in  these  portions,  which  can  be  readily  accomplished  when  each  district 
has  its  own  separate  circulation.  Again,  the  nises  and  foul  air  are  not 
conducted  from  one  district  to  another,  but  each  district  is  supplied  with 
ftesh  air  direct  fh>m  the  main  intake.    Should  an  explosion  occur  in  any 

Sxt  of  the  mine,  it  is  more  apt  to  be  confined  to  one  locality  when  a  mine  is 
us  divided  into  separate  districts.  Another  consideration  is  the  reduced 
Kmer  necessary  to  accomplish  the  same  circulation  in  the  mine;  or  the 
creased  circulation  obtained  by  the  use  of  the  same  power. 
Ro^sirsmsnts  of  Low  In  Rofsrd  to  Spllttinf.— The  Anthracite  Mine  Law  of 
Pennnrlvania  specifies  that  every  mine  employing  more  than  75  persons 
must  oe  divided  into  two  or  more  ventilaung  districts,  thus  limiting  the 
number  that  are  allowed  to  work  on  one  air-current  to  75  persons.  The 
Bituminous  Mine  Law  of  Pennsylvania  limits  the  number  allowed  to  work 
upon  one  current  to  65  persons,  except  in  special  cases,  where  this  number 
may  be  increased  to  100  persons  at  the  discretion  of  the  mine  inspector. 

Priotioil  Spllttinf  of  tho  Air-Current— When  the  air-current  is  divided  into 
two  or  more  branches,  it  is  said  to  be  split.  The  current  may  be  divided  one 
or  more  times;  when  split  or  divided  once,  the  current  is  said  to  be  traveling 


374  VENTILA  TION  OF  MINES. 

in  two  splits,  each  branch  being  termed  a  split.  The  number  of  splits  in 
which  a  current  is  made  to  travel  is  understood  as  the  number  of  separate 
currents  in  the  mine,  and  not  as  the  number  of  divisions  of  the  current. 

Primary  Splits.— When  the  main  air-current  is  divided  into  two  or  more 
splits,  each  of  these  is  called  a  primary  split. 

Secondary  Splits. —Secondary  splits  are  the  divisions  of  a  primary  split. 

Tertlsry  Splits.— Tertiary  splits  result  fh>m  the  division  of  a  secondary  split. 

EqusI  Splits  of  Air.— When  a  mine  is  spoken  of  as  having  two  or  more  equal 
sj>lits,  it  is  understood  to  mean  that  the  length  and  the  size  of  the  separate 
airways  forming  those  splits  are  equal  in  each  case.  It  follows,  of  course, 
il-om  this  that  the  ventilating  current  traveling  in  each  split  will  be  the 
same,  inasmuch  as  they  are  all  subject  to  the  same  ventilating  pressure. 
WhSn  an  equal  circulation  is  obtained  in  two  or  more  splits  by  the  use  of 
regulators,  these  splits  cannot  be  spoken  of  as  equal  splits. 

UnsqasI  Splits  of  Air.— By  this  is  meant  that  the  airways  forming  tlie  splits 
are  of  unequal  size  or  length.  Under  this  head  we  will  consider  (a)  NtUural 
Division  of  the  Air-Current;  (b)  Proportionate  Division  of  the  Air-Current. 

NstursI  Division  of  the  Air-Current— By  natural  division  of  air  is  meant  any 
division  of  the  air  that  is  accomplished  without  the  use  of  regulators;  or,  in 
other  words,  such  division  of  the  air-current  as  results  £h)m  natural  means. 
If  the  main  air-current  at  any  given  point  in  a  mine  is  free  to  traverse  two 
separate  airways  in  passing  to  the  foot  of  the  upcast  shaft,  and  each  of  these 
airways  is  free  or  an  open  split,  i.  e.,  contains  no  regulator,  the  division  of 
the  air  will  be  a  natural  division.  In  such  a  case,  the  larger  quantity  of  air 
will  always  traverse  the  shorter  split  of  airway.  In  other  words,  an  air-cur- 
rent always  seeks  the  shortest  way  out  of  a  mine.  A  comparatively  small 
current,  however,  will  always  traverse  the  long  split  or  airway. 

Calculation  of  Natural  SpiittinK.— It  is  always  assumed,  in  the  calculation 
of  the  splitting  of  air-currents,  uiat  the  pressure  at  the  mouth  of  each  split, 
starting  from  anjr  given  point,  is  the  same.  Since  this  is  the  case,  in  order 
to  find  the  quantity  of  air  passing  in  each  of  several  splits  stiurting  firom  a 
common  point,  the  rule  given  under  Potential  Factor  of  a  Bline  is  applied. 
This  rule  may  be  stated  as  follows: 

The  ratio  between  the  quantity  qf  air  passing  in  any  split  and  the  pressure 
potential  of  that  split  is  the  same  for  alt  splits  starting  from  a  common  point. 
Also,  the  ratio  between  the  entire  quantity  of  air  in  circulation  in  the  several 
splits  and  the  sum  of  the  pressure  potentials  of  those  splits  is  the  ^atne  as  the 
above  ratio,  and  is  eqiial  to  the  square  root  of  the  pressure. 

Expressed  as  a  formula,  indicating  the  sum  of  the  pressure  potentials 

(Xi  +  Xo-f  etc.)  by  the  expression  SX-,  this,  rule  is  ^^  =  -^  =  i/p. 

Qi  QS  ■  ^ 

Hence,  p  =  j^\  r^  and  u  =  7^  ^-r-  express  the  pressure    and   power, 

respectively,  absorbed  by  the  circulation  of  the  splits.  These  are  the  basal 
formulfius  for  splitting,  from  which  any  of  the  factors  may  be  calculated  by 
transposition.  They  will  be  found  illustrated  in  the  table  at  the  end  of  thi« 
section.  We  will  give  here  two  examples  only,  showing  the  calculatiou  oi 
the  natural  division  of  an  air-current  between  several  splits.  We  have,  from 

the  above  formulas,  q\  =  =-=-  Q. 
^  -^p 

Example.— In  a  certain  mine,  an  air-current  of  60,000  cu.  ft.  per  minute 
is  traveling  in  two  splits  as  follows:  Split  ^,6  ft.  X  8  ft.,  5,000  ft.  long; 
split  B,  5  ft.  X  8  ft.,  10,000  ft.  long.  It  is  required  to  find  the  natural  divlsioii 
of  this  air-current. 

Calculating  the  relative  potentials  for  pressure  in  each  split,  we  have 


for  split  A,  Xi 

for  spUt  B,  X,  =  40Vo.,;.^gio,oo6  =  '^^^ 


and  S  X,  »  1.3S49; 


and  substituting  these  values,  we  have, 

91  =  j^^  X  60,000  =  38,506  cu.  ft.  per  min.; 

92  =  j^  X  60,000  =  21,494  cu.  ft.  per  min9gle 
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KZAMPLE.— In  a  certain  mine,  there  is  an  air-current  of  100,000  cu.  ft.  per 
xninute  traveling  in  three  splits  as  follows:  Split  ^,  6  ft.  x  10  ft.,  ^000  ft.  lone: 
split  J»,  6  ft.  X  12  ft.,  15,000  ft.  long;  split  C,  5  ft.  X 10  ft.,  6,000  ft.  long.  Find 
the  natural  division  of  this  current  or  air. 

Calculating  the  respective  relative  potentials  with  respect  to  pressure, 
we  have 

for  spUt  B,X,^  72^-^^--^^  =  .8814; 


for  split  C,Xt  =  50-1^ 


^2(5  + 10)  X  6,000       '        * 
Adding  these  potentials,  we  have  tXp^  .9185  +  .8314  +  .8338  »  2.5832. 
Then,  applying  the  foregoing  rule,  we  have 

91  =  ^^  X  100,000  =  36,556  cu.  ft.  per  min.; 

ft314 

9s  =  ^^  X  100,000  =  32,184  cu.  ft.  per  min.; 
and  qz  =  ^^  X  100,000  =  82,260  cu.  ft.  per  min. 

Total,  100,000 

Proportional  Division  of  the  Air-Carront— It  continually  happens  that  differ- 
ent proportions  of  air  are  required  in  the  several  splits  of  a  mine  than  would 
be  obtained  by  the  natural  division  of  the  air-current.  It  is  usually  the  case 
that  the  longer  splits  employ  a  larver  number  of  men,  and  require  a  larger 
quantity  of  air  passing  through  tnem.  They,  moredver,  liberate  a  larger 
(quantity  of  mine  gases,  for  which  they  require  a  larger  quantity  of  atr  than 
is  passing  in  the  smaller  splits.  The  natural  division  of  the  air*current 
would  give  to  these  longer  splits  lets  air,  and  to  the  shorter  ones  a  larger 
amount  of  air,  which  is  directly  the  reverse  of  what  is  needed.  On  this 
account,  recourse  must  be  had  to  some  means  of  dividing  this  air  pro- 
portionately, as  required.  This  is  accomplished  by  the  use  of  regulators,  of 
which  there  are  two  general  types,  the  oox  regulator  and  the  door  regulator. 

Box  Regulttor.—This  is  simply  an  obstruction  placed  in  those  airways  that 
would  naturally  take  more  air  than  the  amount  required.  It  consists  of  a 
brattice  or  door  placed  in  the  entry,  and  having  a  small  shutter  that  can  be 
opened  to  a  greater  or  less  amount.  The  shutter  is  so  arranged  as  to  allow 
the  passage  of  more  or  less  air,  according  to  the  requirements.  The  box 
regulator  Is,  as  a  rule,  placed  at  the  end  or  near  the  end  of  the  return  air- 
way of  a  split.  It  is  usually  placed  at  this  point  as  a  matter  of  convenience, 
because,  in  this  position,  it  oDstructs  the  roads  to  a  less  extent,  the  haulage 
fh>m  the  back  entry  in  this  split  being  carried  over  to  the  main  haulway, 
ttvrough  a  cross-cut,  before  tms  point  is  reached.  The  difficulty,  however, 
can  be  avoided,  in  most  cases,  by  proper  consideration  in  the  planning  or 
the  mine  with  respect  to  haulage  ana  ventilation.  The  objection  to  this 
form  of  regulator  is  that,  in  effect,  it  lengthens  the  airway,  or  increases  its 
resistance,  making  the  resistance  of  all  the  airways,  i>er  foot  of  area,  the 
same.  It  is  readily  observed  that,  hy  thus  increasing  the  resistance  of  the 
mine,  the  horsepower  of  the  ventilation  is  largely  increased,  for  the  same 
circulation.  This  is  an  important  point,  as  it  will  be  found  that  the  power 
required  for  ventilation  is  thus  increased  anywhere  fh>m  505(  to  100?6  over 
the  power  required  when  the  other  form  of  regulator  can  be  adopted. 

Door  Rofutitor.— In  this  form  of  regulator,  which  was  first  introduced  by 
Beard,  the  division  of  the  air  is  made  at  the  mouth  of  the  split.  The  regu- 
lator consists  of  a  door  hung  from  a  point  of  the  rib  between  two  entries, 
and  swung  into  the  current  so  as  to  cut  the  air  like  a  knife.  The  door  is 
provided  with  a  set  lock,  so  that  it  may  be  secured  in  any  position,  to  give 
more  or  less  air  to  the  one  or  the  other  of  the  splits,  as  required.  The  posi- 
tion of  this  reffulator  door,  as  well  as  the  position  of  the  shutter  in  the  box 
regulator,  is  always  ascertained  practically  by  trial.  The  door  is  set  so  as 
to  divide  the  area  of  the  airway  proportionate  to  the  work  absorbed  in  t' 


376  VENTILA  TION  OF  MINES. 

respective  splits.     The  pressure  in  any  split  is  not  increased,  eacb  si^t ! 
retaining  its  natural  pressure. 

Cslottlstion  of  Pressurt  for  Box  Roiulttors.— When  any  required  division  of 
the  air-current  is  to  be  obtained  by  the  use  of  box  regulators,  tliese  are 
placed  in  all  the  splits,  save  one.    This  split  is  called  the  open,  or  free,  sptiu 

and  its  pressure  is  calculated  in  the  usual  way  by  the  formula  p  =  —^^ 

The  natural  pressure  in  this  open  split  determines  the  pressure  of  tlie  entire 
mine,  since  all  the  splits  are  subject  to  the  same  pressure  in  this  form  of 
splitting. 

First,  determine  in  which  splits  regulators  will  have  to  be  placed,  in  order 
to  accomplish  the  required  division  of  the  air.  Calculate  the  natural  pres- 
sure, or  pressure  due  to  the  circulation  of  the  air-current,  for  ectcli  split, 

when  passing  its  required  amount  of  air,  using  the  formula p  =    *^.    The 

split  showing  the  greatest  natural  pressure  is  taken  as  the  firee  split.  In  each 
of  the  other  splits,  box  regulators  must  be  placed,  to  increase  the  pressure 
in  those  splits;  or,  in  other  words,  to  increase  the  resistance  of  those  splits 
per  unit  of  area. 

ExAMPiiE.— The  ventilation  required  in  a  certain  mine  is: 

split  ^,  6  ft.  X  9  ft.,  8,000  ft.  long;  40,000  cu.  ft.  per  min. 
split  B,  5  ft.  X  8  ft.,  6,000  ft.  long;  40,000  cu.  ft.  per  min. 
split  C,  9  ft.  X  9  ft.,  8,000  ft.  long;  10,000  cu.  ft.  per  min. 
split  Z>,  6  ft.  X  8  ft.,  10,000  ft.  long;  30,000  cu.  ft.  per  min. 
In  which  of  these  splits  should  regulators  be  placed,  to  accomplish  the 
reqi:dred  division  of  air,  and  what  will  be  the  mine  pressure? 

Calculating  the  pressure  due  to  friction  in  each  split  when  {Missing  its 
required  amount  of  air,  we  find, 
for  .put  A,  p  =  •0000000217X2(6^9)8,000X40.000.  ^  ^^  ,^  per  gq.  ft.; 

for  split  B,  p  =  -0000000217X2(5  +  8)6.000X40,000.  _  ^^  j^  ^^  ^  ^. 

,,^  ^           .0000000217  X  2(9 -f  9)8,000  X10,000«       ,  ^^^  ,,  ^ 

for  split  C,  p  =  818       — ==  ^-^^^  ^^-  P®^  ^-  ^•'' 

,        ..^  ^           .0000000217  X  2(6 -I- 8)10,000  X30,000a       ,«  ^^  ,^  ^ 

for  spht  D,p  =^ m       — —  ^  P®'^  ^' 

Split  B  has  the  greatest  pressure,  and  is  therefore  the  f^e  split.  Box 
regulators  are  placed  in  each  of  the  other  splits  to  increase  their  respective 
pressures  to  the  pressure  of  the  firee  split  or  the  mine  pressure.  Therefore, 
the  mine  pressure  in  this  circulation  is  84.63  lb.  per  sq.  ft. 

The  Size  of  opening  In  i  box  regulator  is  calculated  by  the  formula  for 
determining  the  flow  of  air  through  an  orifice  in  a  thin  plate  under  a  certain 
head  or  pressure.  The  difference  in  pressure  between  tne  two  sides  of  a  box 
regulator  is  the  pressure  establishing  the  flow  through  the  opening,  which 
corresponds  to  the  head  h  in  the  formula  v  ^  \^2ah.  This  regulator  is 
usually  placed  at  the  end  of  a  split  or  airway,  and  since  the  regtilator 
increases  the  pressure  in  the  lesser  split  so  as  to  make  it  equal  to  the  pressure 
in  the  other  split,  the  pressure  due  to  the  regulator  will  be  equal  to  the 
ventilating  pressure  at  the  mouth  of  the  split,  less  the  ruitural  pressure  or 
the  pressure  due  to  friction  in  this  split.  Hence,  when  the  position  of  the 
regulator  is  at  the  end  of  the  split,  the  pressure  due  to  faction  in  the  split  is 

k8<fi 

first  calculated  by  the  formula  p  =  — |-,  and  this  pressure  is  deducted  from 

the  ventilating  pressure  of  the  free  or  open  split,  which  gives  the  pressure 
due  to  the  regulator.    This  is  then  reduced  to  inches  of  water  gauge,  and 

substituted  for  i  in  the  formula  A  =»      ,_^.    The  value  of  A  thus  obtained  is 

Vi 
the  area  (square  feet)  of  the  opening  in  the  regulator. 

Example.—  50,000  cu.  ft.  of  air  is  passing  per  minute  in  a  certain  mine, 
in  two  equal  splits,  under  a  pressure  equal  to  2  in.  of  water  gauge,  and  it  is 
required  to  reduce  the  quantity  of  air  passing  in  one  of  these  splits,  by  a  box 

-'lator  placed  at  the  end  of  the  split,  so  as  to  pass  but  15,000  cu.  ft.  per 
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minute  in  this  split.  Find  the  area  of  the  opening  in  the  regulator,  assu- 
ming that  the  ventilating  power  is  decreased  to  maintain  the  pressure  con- 
stant at  the  mouth  of  the  splits  after  placing  the  regulator.  The  size  and 
len^b  of  each  split  is  6  ft.  x  10  ft.  and  10,000  ft.  long. 

Tbe  natural  pressure  for  the  split  in  which  the  regulator  is  placed  will  be 


P  = 


kB^  _  .0000000217  X  2(6  4- 10)  X  10,000  X  15,000* 


a» 


=  7.233  lb.  per  sq.  ft. 


Then, 


7.233 


(6  X  lO)" 

—  1.4  in.  of  water  gauge  (nearly),  due  to  friction  of  the  air- 
.6  in.  water  gauge  due  to  regulator. 
7.746  sq.  ft.,  area  of  opening. 


current  in  this  split.    And«  2  —  1.4  ^ 

Finally.  ^  =  J!ggj=^:g^  ^3"" 
V^.6  V^.6 

Size  of  Oponlnf  for  i  Door  Rofolttor— The  sectional  area  at  the  regulator  is 
divided  proportionately  to  the  work  to  be  performed  in  the  respecuve  splits 
according  to  the  proportion  Ai :  At ::  ui :  u^.    Or  since  Ai-tAt  =  a,  we  have 

^1  :  a  : :  til :  ui  +  titf  and  Ai  —  — ^— -  X  a.    This  fUmishes  a  method  of  pro- 

poTtionate  splitting  in  which  each  split  is  ventilated  under  its  own  natural 
pressure.  Tne  same  result  would  be  obtained  by  the  placing  of  the  box 
regulator  at  the  intake  of  any  split,  thereby  regulating  the  amount  of  air 
passing  into  that  split,  but  the  door  regulator  presents  less  resistance  to  the 
now  of  the  air-current.  The  practical  difference  between  these  two  forms 
of  regulators  is  that  in  the  use  of  the  box  regulator  each  split  is  ventilated 
under  a  pressure  equal  to  the  natural  pressure  of  the  open  or  free  split, 
which  very  larrelv  increases  the  horsepower  required  for  the  ventilation  of 
the  mine;  while  in  the  use  of  the  door  regulator  each  split  is  ventilated 
under  its  own  natural  pressure,  and  the  proportionate  division  of  the  air  is 
accomplished  without  any  increase  of  horsepower.  This  is  more  clearly 
explained  in  the  two  following  paragraphs,  and  the  table  showing  the  com- 
parative horsepowers  of  the  two  methoas.  ' 

Ci  leu  lotion  of  Horoepowor  for  Box  Roffilitori.— By  the  use  of  the  box  regu- 
lator, the  pressure  in  all  the  splits  is  made  equal  to  the  greatest  noUural 
pressure  In  any  one.  This  split  is  made  the  open  or  free  split,  and  its  natural 
pressure  becomes  the  pressure  for  all  the  splits,  or  the  min«  pressure.  This 
mine  pressure,  multiplied  by  the  total  quantity  of  air  in  circulation  (the  sum 
of  the  quantities  passing  in  the  several  splits),  and  divided  by  33,000,  gives 
the  horsepower  upon  the  air,  or  the  horsepower  of  the  circulation.  Thus, 
in  the  first  example  given  on  page  376,  in  which  for  split  B  the  pressure  < 
84.68  lb.  j)er  sq.  ft.  and  the  total  quantity  of  air  passing  per  minute 


18  120,000  cu.  ft.,  we  have 
h  = 


84.63  X  120,000 


307.745  H.  P. 


33,000 

Cilonlttion  of  Horsopowor  for  Door  Rogalttort.— In  the  use  of  the  door 
regulator,  each  split  is  ventilated  under  its  own  natural  pressure,  and, 
hence,  in  the  calculation  of  the  horsepower  of  such  a  circulation,  the  power 
of  each  split  must  be  calculated  separately,  and  the  sum  of  these  several 
powers  will  be  the  entire  power  of  the  circulation.  For  the  purpose  of  com- 
parison, we  tabulate  below  the  results  obtained  in  the  applicanon  of  these 
two  methods  of  dividing  the  air  in  the  above  example. 


NatiirRl 

Required 
Division. 

Horsepower. 

Splits. 

Division. 

Door 
Regulator. 

Box 
Regulator. 

Split  ^,  6  ft.  X  9  ft.,  8,000  ft.  long 
Split  5, 6  ft.  X  8  ft.,  6,000ft.  long 
Split  C,  9  ft.  X  9  ft,,  8,000 ft.  long 
Split  A  6  ft.  X  8  ft.,10,000  ft.  long 

28,277 
22,360 
47,423 
21,940 

40,000 
40,000 
10,000 
30.000 

64.145 

102.582 

.356 

44.955 

102.582 
102.582 
25.645 
76.936 

Ttotals 

120,000 

120,000 

212.038 

307.745 
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SPLITTING    FORMULAS. 

The  following  table  of  formulas  will  serve  to  illustrate  the  methods  of 
calculation  in  splitting.  The  example  assumes  the  same  airway  as  that  given 
on  page  369  and  used  to  illustrate  the  table  of  formulas,  page  370,  but  the  air- 
current  is  divided,  as  specified  in  the  table: 

Natubal  Division. 

Prlmiry  SpliU.— Split  (1)  =  4  ft.  X  5  «.,  800  ft.  long.  Split  (2)  =  4  ft.  X  5  ft., 
1,200  ft.  long. 


To  Find: 


Potential  for 
pressure. 


No.  I         Formula. 


Natural  divi- 
sion. 


^«  = 


n'*r 


+  etc.). 


«  =  2%^«- 


Specimen  Calculation. 


^^>  ^\:0000(J00^7  X  14.400  ^  ^'^' 


(2) 


20 


'  .0000000217  X  21,600 
5,060  +  4,131  =  9,191. 


4,131. 


(1)  1^X10.000  =  5,505  cu.  ft. 

(2)  i^^J  X  10,000  =  4,495  cu.  ft. 


Or  the  natural  division  may  be  calculated  ftom  the  pressure  at  the  mouth 
of  the  several  splits  by  uMng  formula  (23);  thus, 


23 

q  =  X^p. 

(1)  5,060  >/ 1.1838  =  5,505  CU.  ft. 

(2)  4,131 1/ 1.1838  =  4,496  CU.  ft. 
See  formula  (42). 

Pressure. 

42 

43 

44 
45 

^I^---- 

Power. 

^^  =  n.— 

Quantity. 

Q  =  2Xpl/p. 

9,191  v/ 1.1838  =  10,000  cu.  ft. 

Q=  f(2Xp)'^u. 

t^9,191«  X  11,838  =»  10,000  CU.  ft. 

Increase    of 
quantity  due 
to  splitting. 

(Pressure   con- 
stant.) 

46 

.-^.-.. 

1^X10,000=  28,722  cu.  ft. 

quantity  due,   ._ 
to  splitting.      47 
(Power  con- 
stant.) 

«-'>|(it). 

10,000  ^(|i^)'=  20,205  cu.ft 

nioitizPdhy  Google 
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S^oondary  8plit«.-(l)  4  ft.  X  5  ft.,  800  ft.  long.  (2)  4  ft.  x  5  ft.,  500  ft.  lonj 
.3)  4  ft.  X  5  ft.,  400  ft.  long.     (4)  4  ft.  X  5  ft.,  300  ft.  long. 

Tlie  calculation  is  often  shortened,  when  many  splits  are  concerned,  b 
iisirkg^  the  relative  potential,  omitting  the  factor  k\  but  the  final  result  mui 
ttien.  "be  multiplied  by  A:  to  obtain  the  pressure  or  power;  or,  these  factoi 
mvist;  be  divided  by  k,  when  finding  the  quantity,  as  in  fonnulas  (49)  to  (51 


(    ^ 


lej]* 


II 


13 

•  Of 

+ 

X 

<7 

II 

tH 

+ 


;     1^ 

'SQ  1 

8 

e^ 

^  Is 

c^ 

,H 

__J' 

-*     + 

^ 

,-1 

X 

i 

D 

r^ 

^ 

r* 

D 

+ 

^ 

"* 

Sb 

A 

^  §1 

^ 

4- 

^ 

^ 

i 

f     ^ 

d- 

j 

H 

+ 

* 

1 

rH    § 

>«, 

^m^^ 

1           * 

!>• 

^ 

8 

+ 

s 

JH 

1" 

t-; 

^    !■      ^ 

IO,.Je 

,^— ^ 

^^ 

,  1      5i-v 

^"  "^ 

1      >? 

:  &' 

g 

'HS 

^ 

+ 

r-l 

lO. 

-\^ 

+ 

^^ 

-1^ 

+ 

l~^ 

'^ 

+ 

I 
"^ 

"^— ^ 

^' 

II 

II 

9 

O^ 

08  fl 
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Proportionate  Division. 
Primiry  Splits  (only).— (1)  4  ft.  X  5  ft.,  800  ft.  long  =  3,500  cu.  ft. 
4  ft.  X  5  ft.,  1,200  ft.  long  =  6,500  cu.  ft. 


To  Find:       INo 

Formula. 

Specimen  CalcoUttion. 

Pressure  due  to 
friction. 

13 

'-if 

To  accomplish  this  division  of  air,  the  pressure  in  split  (1)  must  ■ 
increased  by  means  of  a  regulator  to  make  it  equal  to  the  pressure  in  tH 
free  or  open  split  (2),  and,  hence,  the  pressure  due  to  the  regulator  ■ 
equal  to  the  difference  between  the  natural  pressures  in  these  splits.           \ 

Pressure  due  to 
the  regulator 
in  split  (1). 

53 

P  =  Pi-Pl- 

2.4757  —  .47845  =  1.99725  lb.      \ 

Area    of    the 

37 

^        .0004  7 

•«»*^*'"»-2.2»»q.ft. 

opening     in 
regulator. 

^fW 

Ssoondiry  Splits.— (1)  4  ft.  x  5  ft..  800  ft.  -  3,600  cu.  ft.  (2)  4  ft.  X  6  ft., 
500  ft.  —  6,500  cu.  ft.  (3)  4  ft.  X  5  ft.,  400  ft.  -  4,000  cu.  ft.  (4)  4  ft.  X  5  ft., 
300  ft.  —  2,500  cu.  ft. 

Note— When  using  the  relative  potential,  multiply  the  result  by  k,  to 
obtain  the  pressure,  or  the  power. 


Pressure  due  to 
friction.  Free 
split-second- 
ary pressure. 


13 


(1)  .0000000217^^]*-  .47848  lb. 

(2)  .0000000217(^ y  =  1.0814  lb. 

(3)  .0000000217(^^)*  =  .31348  lb. 

(4)  .0000000217(^^)*=  .0915461b. 


Since  the  natural  pressure  in  (3)  is  greater  than  that  in  (4),  (3)  is  the  free 
split,  and  its  natural  pressure  is  the  pressure  for  the  secondary  splits.  The 
pressure  for  the  primary  splits  is  then  found  by  first  adding  the  pressures  ia 
(2)  and  (3),  and  if  their  sum  is  greater  than  the  natural  pressure  for  (1),  it 
becomes  the  pressure  for  the  pnmary  splits,  or  the  mine  pressure.  If  the 
natural  pressure  for  (1)  is  the  greater,  this  is  made  the  free  split,  and  iU 
natural  pressure  becomes  the  primary  or  mine  pressure.  In  this  case,  the 
secondary  pressure  must  be  increased  by  placing  a  regulator  in  split  (3). 


Primar>'  or 
mine  pressure. 


Pa  +  Ps. 


1.0314  +  .31248  =  1.34388. 


Pressure  due  to 
the  regula- 
tors. 


Pz-Pi- 
(Pi-\-Pz)-Pi' 


(4)       .31248  -  .091546  =  .220934  lb. 
(1)       (1.0814  +  .31248)  —  .47848 
» .86540  lb. 


Areas  of  open 
ings  in  the 
regulators. 
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.  _  .0004  g 


(4) 


(1) 


/.220934 


V"6r2 

.0004X8,500  __ 

Diatze^^^pOQk 


3.4S28  sq.ft. 
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METHODS  AND  APPLIANCES  IN  THE  VENTILATION 
OF  MINES. 

Asctnsiontl  VtntlUtion.— Erery  mine,  as  fiir  as  practicable,  should  be  venti- 
ated  upon  the  plan  known  as  ascensional  ventilation.  This  term  refers 
>articularly  to  the  ventilation  of  inclined  seams.  The  air  should  enter  the 
nine  at  its  lowest  point,  as  nearly  as  possible,  and  from  thence  be  conducted 
'brouffh  the  mine  to  the  higher  points,  and  there  escape  by  a  separate 
sbaft,  if  such  an  arrangement  is  practicable.  Where  the  seam  is  dippins: 
[considerably  and  is  mined  through  a  vertical  shaft,  the  upcast  shaft  should 
t>e  located  as  fiair  to  the  rise  of  the  downcast  shaft  as  possible.  The  intake  air 
Ls  Hien  first  conducted  to  the  lowest  point  of  the  dip  workings,  which  it 
tr&verses  upon  its  way  to  the  higher  workings.  In  the  case  of  a  slope 
working  where  a  pair  of  entries  is  driven  to  the  dip,  one  being  used  as  the 
intake  and  the  other  the  return,  there  being  cross-entries  or  levels  driven  at 
regnlar  intervals  along  the  slope,  the  air  should  be  conducted  at  once  to  the 
inside  workings,  firom  which  point  it  returns,  ventilating  each  pair  of  cross- 
entries  fh>m  the  inside,  outwards.  Where  the  development  of  the  cross- 
entries  or  levels  is  considerable,  their  circulation  is  considered  separately. 
and  a  firesh  air  split  is  made  in  the  Intake  at  each  pair  of  levels.  In  all 
ventilation,  the  main  point  to  be  observed  Is  to  conduct  the  air-current  first 
to  the  inside  workings,  firom  whence  it  is  distributed  along  the  working  face 
as  it  returns  toward  the  upcast. 

Gtnerti  Arringsmsnt  ef  Mlns  Plan.— Every  mine  should  be  planned  with 
respect  to  three  main  requirements,  vi2.:  {a)  haulage;  (b)  drainage;  (e) 
ventUaUon.  These  requirements  are  so  closely  connected  with  one  another 
tliat  the  consideration  of  one  of  them  necessitates  a  reference  to  all.  The 
mine  should  be  planned  so  that  the  coal  and  the  water  will  gravitate  toward 
the  opening,  as  far  as  possible.  There  are  many  reasons,  in  the  consideration 
of  non-gaseous  mines,  why  the  haulage  should  be  effected  upon  the  return 
airways.  The  haulage  road  is  always  a  dusty  road,  caused  by  the  traveling 
of  ihen  and  mules,  as  well  as  by  the  loss  of  coal  in  transit,  which  becomes 
reduced  to  fine  slack  and  powder.  If  the  haulage  is  accomplished  upon  the 
intake  entry  or  air-course,  this  dust  is  carried  continually  into  the  mine  and 
working  places,  which  should  be  avoided  whenever  possible.  When  the 
loaded  cars  move  in  the  same  direction  as  the  return  air,  the  ventilation  of 
the  mine  is  not  as  seriously  impeded.  It  is  often  the  case  that  fewer  doors  are 
required  upon  the  return  airway  than  upon  the  intake,  which  is  a  feature 
favorable  to  haulage  roads.  Ag^n,  in  this  arrangement,  the  hoisting  shaft 
is  made  the  upcast  shaft,  which  prevents  the  formation  of  ice,  and  conse- 
quent delay  in  hoisting  in  the  winter  season.  The  arrangement,  however, 
J)resuppose8  the  use  of  the  force  fan  or  blower,  since  if  a  f\imace  or  exhaust 
ian  is  employed,  a  door,  or  probably  double  doors,  would  have  to  be  placed 
Xn  the  main  haulage  road  at  the  shaft  bottom,  which  would  be  a  great 
drance. 

In  tiie  ventilation  of  gaseous  mines,  however,  other  and  more  important 
considerations  demand  attention.  The  gaseous  character  of  the  return 
current  prevents  making  the  return  airway  a  haulage  way.  In  such  mines, 
the  haulage  should  always  be  accomplished  upon  the  intake  air,  as  any  other 
system  would  often  result  in  serious  consequences.  In  such  gaseous  mine, 
men  and  animals  must  be  kept  off  the  return  airways  as  far  as  this  is 
possible. 

As  fkr  as  practicable,  ventilation  should  be  accomplished  in  sections 
or  districts,  each  district  having  its  own  split  of  air  fh)m  the  main  intake,  and 
its  own  return  connecting  with  the  main  return  of  the  mine.  Reference 
has  been  made  to  this  under  Distribution  of  the  Air  in  Mine  Ventilation. 
This  splitting  of  the  air-current  is  accomplished  preferably  by  means  of  an 
air  bridge,  either  an  under  crossing  or  an  over  crossing.  There  are,  in 
general,  three  systems  of  ventilation,  with  respect  to  the  ventilating  motor 
employed:  (a)  natural  ventilation;  (6)  Jumace  ventilation;  (c)  mechanical 
veMilaUon.  .  . 

Natural  ventilation  means  such  ventilation  as  is  secured  by  natural  means, 
or  without  the  intervention  of  artificial  appliances,  such  as  the  ftimace, 
or  any  mechanical  appliances  by  which  the  circulation  of  air  is  maintained. 
In  natural  ventilation,  the  ventilating  motor  or  air  motor  is  an  air  column 
that  exists  in  the  downcast  shaft  by  virtue  of  the  greater  weight  of  the 
downcast  air.    This  atr  column  acts  to  force  the  air  through  the  airways 
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of  the  mine.  An  air  column  always  exists  where  the  intake  and 
currents  of  air  pass  through  a  certain  "vertical  height,-  and  ti«v^  dlL 
temperatures.  This  is  the  case  whether  the  opening  is  a  sbait  or  a  i 
since,  in  either  case,  there  is  a  vertical  height,  which  in  part  <i^«n».« 
the  height  of  air  column.  The  other  factor,  determining  the  lielg^ht  oi4 
column  is  the  difference  of  temperature  between  the  intake  and  retmi 
The  calculation,  of  the  ventilating  pressure  in  natural  veiitllatlon  is  identU 
with  that  of  furnace  ventilation,  which  is  described  later. 

Ventilation  of  Ri««  and  Dip  Workings.^We  have  referred  to  the'air  colul 
existing  either  in  vertical  shafts  or  slopes  as  the  motive  column  or  ven 
lating  motor.  Such  an  air  column  will  oe  readily  seen  to  exist  in  any  n 
or  dip  workings  within  the  mine,  and  may  assist  or  retard  the  Circrilati 
of  the  air-current  through  the  mine.  It  is  this  air  column  thaf  renders  t 
ventilation  of  dip  workings  eaay,  and  that  of  rise  workings  correspondinj 
difficult,  depending,  however,  on  the  relative  temperature  of  the  intake  ai 
return  currents;  the  latter  usually  is  the  warmer  6f  the  two,  wliicli  gi? 
rise  to  the  air  column.  The  influence  of  such  air  columns  mtist  always  I 
taken  into  account  in  the  calculation  of  any  ventilation.  This  is  ofl« 
neglected. 

The  influence  of  air  columns  in  rise  or  dip  working[S,  within  the  min 
becomes  very  manifest  where,  from  any  reason,  the  main  intake  purrent 
increased  or  decreased.  For  example,  a  mine  is  ventilated  in  twoi  si^lits, 
riae  and  a  dip  split;  a  current  of  50,000  cu.  ft.  of  air  is  passing  in  tlie  mai 
airway,  30,000  cu.  ft.  passing  into  the  dip  workings,  and  20,000  into  the  rif 
workings.  A  fall  of  roof  in  the  main  intake  airway,  or  other  cause,  reduce 
the  main  current  firom  50,000  to  35,000  cu.  ft.  Instead,  now,  of  21.000  cu.  ft. 
---  -  .  5  workings,  we  find  that  this 
s  are  taking  more  than 

^     ., , Thus,  the  circulation 

being  decreased  to  35,000  cu.  ft.,  the  dip  workings  will  pr6bably  take  25,000 
cu.  It.,  and  the  rise  workings  10,000  cu.  ft.  On  the  other  hand,  had  the 
intake  current  been  incrcowea  instead  of  decreased,  the  rfsc  workings  would 
then  take  more  than  their  proportion,  while  the  dip  workings  would  take 
less.  The  reason  for  this  distribution  is  evident;  suppose,  for  example,  the 
intake  or  mine  pressure  is  3  in.  of  water  gauge,  and  in.  tlie  dip  workings 
there  is  i  in.  of  water  gauge  acting  to  assist  ventilation,  while  a  like  water 
gauge  of  i  in.  in  the  rise  workings  acts  to  retard  ventilatibn.  The  effective 
water  gauge  in  the  dip  workings  is  therefore  3^  in.,  While  the  effective 
water  gauge  in  the  rise  workings  is  2i  in.,  or  they  are  to  e&ch  othec  as  7 : 5. 
If,  now,  the  mine  pressure  is  decreased  to,  say,  2  in.,  the  effective  rise  and 
dip  pressures  will  be,  respectively,  2i  in.  and  l\  in.,  or  as  5 ;  31  "We  oheerve, 
before  the  decrease,  the  dip  pressure  was  |.  or  1.4,  times  the  rise  pressure, 
while  after  the  decrease  took  place  in  the  mine  pressure,  the  dlp.nressure 
became  |,  or  1.66,  times  the  rise  pressure.  The  relative  quantities  passing  in 
the  dip  split  before  and  after  the  decrease  took  place,  as  compared  wil^  the 

(luantitieg  passing  in  the  rise  split,  will  be  as  the  v'l.4:  ]/l.66,  showing  an 
increase  of  proportion.  Now,  instead  of  a  decrease  taking  t>lace  in  the  mine 
pressure,  let  us  suppose  it  is  increased,  say,  from  3  in.  to  4  in.  The  effectiye 
pressures  in  the  dip  and  rise  workings  will  then  be,  respectiy^y,  4i  in. 
and  3i  in.,  or  they  will  be  to  each  other  as  9:7,  instead  or  7  :  5u  Here  yft 
observe  that  the  dip  pressure  is  If,  or  1.15,  times  the  rise  priBSSure,  instead 
of  1.4.  The  relative  quantities,  therefore,  passing  in  the  dip  split,  before 
and  after  the  increase  of  the  mine  pressure,  as  compared  with  the  quantities 

passing  in  the  rise  split,  will  be  in  the  ratio  of  i/l.4:  i/l.lo,  showiiig.a 
decrease  of  proportion.  We  observe  that  any  alteration  of  the  mine  pres- 
sure by  which  it  is  increased  or  decreased  does  not  affect  the  inside  dip  or 
rise  columns,  and  hence  the  disproportion  obtains.  In  case  of  a  decrease  of 
the  mine  pressure,  the  dip  workings  receive  more  thau  their  proportion 
of  air,  and  in  case  of  an  increase  of  the  mine  pressure,  they  receive  Im 
than  their  proportion  of  air. 

Influence  of  Seasons.— In  any  ventilation,  air  columns  are  always  established 
in  slopes  and  shafts,  owing  to  the  relative  temperatures  of  the  outside  and 
inside  air.  The  temperature  of  the  upcast,  or  return  column,  may  always  be 
assumed  to  be  the  same  as  that  of  tne  inside  air.  The  temperature  of  the 
downcast,  or  intake  column,  generally  approximates  the  temperature  of  the 
outside  air.  although,  in  deep  shafts  or  long  slopes,  this  temperature  maybe 
"hanged  considerably  before  the  bottom  of  the  shaft  or  slope  is  reached,  and 
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consequently  the  ayeraxe  temperature  of  the  downcast,  or  intake,  i§  often 
oifferent  ftom  that  of  the  outside  air.  The  difference  of  temperatures  will 
also  v&ry  with  the  season  of  the  year.  In  winter  the  outside  temperature  is 
belovr  tkiat  of  the  mine,  apd  the  circulation  in  sha/ts  &iid  slopes  is  assisted, 
since  tkie  return  columns  are  warmer  and  lighter  than  the  intake  columns 
for  Hie  same  circulation.  Ip  the  Bummer  season,  however,  the  reverse  of 
tills  is  tlie  case.  The  course  of  the  air-current  will  thus  ollen  be  changed. 
Wb.exi.  tbie  outside  temperature  approioches  the  average  temperature  of  the 
mine,  tkiere  will  be  no  ventilation  at  all  in  such  mines,  except  such  as  ii 
caused  by  accidental  wind  pressure. 

In.  furnaoo  vsntltition  the  temperature  of  the  upcast  column  is  increased 
&l>ove  that  of  the  downcast  column  bv  means  of  a  furnace.     The  chief 
points  to  be  considered  in  furnace  ventilation  are  in  regard  to  the  arrange- 
ment and  size  of  the  furnace.    Furnace  ventilation  should  not  be  applied  to 
gaseous  seams,  and  in  some  cases  is  prohibited  by  law.    It  is,  however,  in 
use  in.  many  mines  liberating  gas.    In  such  cases  the  fUmace  fire  is  fed  by  a 
current  of  air  taken  directly  m>m  the  air-course,  sufficient  to  maintain  uie 
iire,  a.nd  the  return  current  from  the  mine  is  conducted  by  means  of  a  dumb 
drift,  or  an  inclined  passageway,  into  the  shaft,  at  a  point  from  50  to  100  ft. 
above  the  seam.    At  this  point,  the  heat  of  the  ftimace  ^ases  is  not  sufficient 
for  tbe  ignition  of  the  mine  gases.   The  presence  of  carbonic-acid  ^ba  in  the 
furnace  gases  also  renders  the  mine  gases  inexplosive.    In  bther.cases, 
^rbere  the  dumb  drift  is  not  used,  a  sufficient  amount  of  fresh  air  fs  atlowcd 
to  pass  into  the  return  current  to  insure  its  dilution  beloWthe  dxpTo&iv6 
point  before  it  reaches  the  ftirpace. 

Construction  of  i  Mino  Furnico.— In  the  construction  of  a  VSktie  ftimace.  a 
sufficient  area  of  nassage  must  be  maintained  over  the  fire  and  around  the 
ftimace  to  allow  the  passage  of  the  air-current  circulating  in  the  mine.  The 
velocity  of  the  current  at  the  furnace  should  be  estimated  not  to  exceed 
20  ft.  per  second,  and  the  entire  area  of  passage  calculated  from.this  velocity. 
Tbus,  for  a  current  of  60,000  cu.  ft.  of  air  per  minute,  the  area  of  passage 
tbrough  and  around  the  furnace  should  be  not  less  than 
50,000         .,.      ^   ' 

6o>r^  =  ^*'^-^- 

This  is  a  safe  method  of  calculation,  notwithstanding  the  fact  that  the 
velocity  of  the  air  is  often  much  more  than  20  ft.  per  second,  yet  the  volume 
of  the  air.  is  largely  increased  owln^  to  the  increase  of  temperatuije. 

The  length  of  the  fhmace  bars  is  limited  to  the  distance  in  which  good 
firing  can  be  accomplished,  and  should  not  exceed  5  ft.  The  width  of  the  grate 
will  therefore  determine  the  gTate  area.  The  grate  area  must,  in  every  case, 
be  sufficient  for  the  heating  of  the  air  of  the  current  to  a  temperature  such 
as  to  maintain  the  average  temperature  of  the  f\irnace  shaft  high  enough  to 
produce  the  required  air  column,  or  ventilating  pressure,  in  the  jnine. 
The  area  A  of  the  grate  of  the  ftimace  is  best  determined  by  the  formula 

34 
A  =  —-^  X  H.  P.,  in  which  A  =  grate  area  in  square  feet;  H.  P.  =  horse- 

V  D 
power  of  the  circulation;  and  D  =  depth  of  shaft  in  feet.    The  horsepower 
for  any  proposed  circulation  may  always  be  determined  by  dividing  the 
quantity  of  air  (cubic  feet  per  minute)  by  the  mine  potential  X^,  and  cubing 
and  dividing  the  result  by  33,000;  thus, 

The  ftimace  should  have  proper  cooling  spaces  above  and  at  each  side; 
upon  one  side,  at  least,  should  be  a  passageway  or  man  way.  The  ftimace 
should  be  located  at  a  point  from  10  to  15  yd.  back  ft>om  the  toot  of  the  shaft, 
at  a  place  in  the  airway  where  the  roof  is  strong.  This  is  well  secured 
by  railroad  iron  immediatley  .over  the  ftimace.  A  good  foundation  is 
obtained  in  the  floor,  and  the  walls  of  the  furnace  carried  up  above  the 
level  of  the  grate  bars,  when  the  furnace  arch  is  sprung.  If  possible,  a 
fall  semicircle  should  be  used  in  preference  to  a  flat  arch.  The  sides  and 
arch  of  the  ftimace  should  be  carried  backwards  to  the  shaft;  this  is 
necessary  in  order  to  prevent  Ignition  of  the  coaL  The  walls  and  arch 
are  constructed  of  firebrick  a  sufficient  distance  from  the  ftimace,  arid  after- 
wards of  a  good  quality  of  hard  brick;  the  shaft  is  also  lined  with  brick 
or  protected  by  sheet  iron  a  sufficient  height  to  prevent  the  ignition  of 
the  curbing. 
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Air  Columns  in  Furnace  Ventllutien.— As  previously  stated,  natural  ventl 
and  ftimace  ventilation  are  identical,  in  so  far  as  in  each  the  ventilati 
motor  is  an  air  column.    This  air  column  is  an  imaginary  cohunn  of  i 
whose  w^ght  is  equal  to  the  difference  between  the  weights  of  tlie  iip~^ 
and  downcast  columns.    The  upcast  and  downcast  columns  in  Air- 
ventilation   are  sometimes   referred  to  as  the  primary  and   aeoon 
columns,  respectively.    The  primary  or  furmice  column  is,  in  nearly  evd 
case,  a  vertical  column,  and  consists  of  a  single  air  column  whose  avend 
temperature  is  easily  approximated.    According  to  the  manner  of  openil 
the  mine,  whether  by  shaft,  slope,  or  drift,  the  aecondarv  column  may  r 
a  vertical  column  in  the  shaft,  an  inclined  column  in  the  slope,  or  an  tnUH 
air  column  in  case  of  a  drift  opening.    Again,  it  is  to  be  observed  that  i 
case  of  a  slope  opening  where  the  top  of  the  nimace  shaft  is  mncli  highi. 
than  the  mouth  of  the  slope,  and  the  dip  of  the  slope  is  considerable,  ti 
secondary  column  consists  of  two  columns  of  diifereut  temperatares,  " 
outside  air  column  and  the  slope  column.    These  two  parts  of  the  aeconda 
column  must  be  calculated  separately,  and  their  sum  taken  for  the  weight  i 
the  secondary  column.    The  level  of  the  top  of  the  ftirnace  shaft  deteni '  ' 
the  top  of  both  the  primary  and  secondary  columns,  whether  these  colu 
are  in  the  outer  air  or  in  the  mine.    The  weight  of  the  upcast  or  pn'ii 
column  is  largely  affected  by  its  gaseous  condition.    For  example,  if  t| 
return  current  from  the  mine  is  laden  with  blackdamp  CO^,  its  weigrht  wfl  _ 
be  much  increased,  since  this  gas  is  practically  U  times  as  heavy  as  air, 
while,  if  laden  with  marsh  gas,  or  firedamp  mix- 
^L^^^^^^^^^J^      ture,  its  weight  will  be  considerably   reduced. 
W^^^^^^^^^^m      These  causes  decrease  and  increase,  respectively, 

■  ■^^^^^^^^H      the  ventilating  pressure  in  the  mine.. 

a  ^^^K^ii^HB  Inolinsd  Air  Columns.— In  a  slope  oi>ening,  the 

■  ^^^^^H^H^H      air  column  is  inclined;  it  is  none  the  less,  how- 
■^^-^^^^^^^^      ever,  an  air  column,  and  must  be  calculated  in 

T?'Tn  •?  *^®  same  manner  as  a  vertical  column  whose  ver- 

'^''*  '•  tical  height  corresponds  to  the  amount  of  dip  of 

the  slope.  Fig.  7  shows  a  vertical  shaft  and  a 
slope,  the  air  column  In  each  of  these  being  the  same  for  the  same  tem- 
perature. The  air  column  in  all  dips  and  nses  must  be  estimated  in  Jil-^ 
manner,  by  ascertaining  the  vertical  height  of  the  dip. 

Caloulation  of  Vontllatinf  Pressnro  In  Furnace  Ventilation.— The  ventilating 
pressure  in  the  mine  airways,  in  natural  or  in  fhmace  ventilation,  is  caused 
Dv  the  diflTerence  of  the  weights  of  the  primary  and  secondary  columns.  Air 
always  moves  fh)m  a  point  of  higher  pressure  toward  a  point  of  lower 
pressure,  and  this  movement  of  the  air  is  caused  by  the  difference  between 
these  two  pressures.  In  this  calculation  each  column  is  supposed  to  hare 
an  area  of  case  of  1  sq.  ft.  Hence,  if  we  multiply  the  weight  of  1  en.  ft.  of 
air  at  a  given  barometric  pressure,  and  having  a  temperature  equal  to  the 
average  temperature  of  the  column,  by  the  vertical  height  D  of  tne  column, 
we  obtain  not  only  the  weight  of  the  column  but  the  pressure  at  its  base  due 
to  its  weight.  Now,  since  the  ventilating  pressure  per  square  foot  in  the 
airway  is  equal  to  the  difference  of  the  weights  of  the  primary  and  secondary 
columns,  we  write 


_  /1.3253X.g      1.3253  X.g\y^ 
*  ~  V     459  +  <  469 +r  }^ 


Example.— Find  the  ventilating  pressure  in  a  mine  ventilated  by  a 
f\imace,  the  temperatures  of  the  upcast  and  downcast  columns  being, 
respectively,  350<>  F.  and  40°  F.,  the  depth  of  the  upcast  and  downcast  shafts 
being  each  600  ft.,  and  the  barometer  30  in. 

Substituting  the  given  values  in  the  above  equation,  we  have 

p  -,1.3253X30X600  (^5^-^4^)  =  18.32  lb.  per  sq.  ft. 

Caloulation  of  Motive  Column  or  Air  Column.— It  is  often  convenient  to 
express  the  ventilating  pressure  p  (lb.  per  sq.  ft.)  in  terms  of  air  column  or 
motive  column  M,  in  feet.    The  neight  of  the  air  column  M  Is  equal  to  the 

pressure  p  divided  by  the  weight  to  of  1  cu.  ft.  of  air,  or  Jf  =  £•   The  expres- 
sion for  motive  column  may  be  written  either  in  terms  of  the  upcast  air  or 
■^f  the  downcast  air,  the  former  giving  a  higher  motive  column  than  the 
tter  for  the  same  pressure,  since  the  upcast  air  is  lighter  than  tliat  of  the 
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downcast.  As  the  surplus  weight  of  the  downcast  column  of  air  produces 
the  ventilating  pressure,  it  is  preferable  to  write  the  air  column  in  terms  of 
the  ao\¥nca8t  air,  or,  in  other  words,  to  consider  the  air  column  as  being 
located,  in  the  downcast  shaft,  and  pressing  the  air  downwards  and  throu^ 
the  airways  of  the  mine.    If  we  divide  the  expression  previously  given  for  the 

ventilating  pressure  by  the  weight  of  1  cu.  ft.  of  downcast  air  /  L^-^\ 

we  obtain  for  the  motive  column,  after  simplifying,  M  —  (       ~  _  j  x  A 

whicli  is  the  expression  for  motive  column  in  terms  of  the  downcast  air. 
If,  on  the  other  hand,  we  divide  the  expressioi^   for  the  ventilating 

pressure  by  the  weight  of  1  cu.  ft.  of  upcast  air  (^jrq   ^y   )t  we  obtain 

(y t  \ 
A^,t  I  X  A  which  is  the  expression  for  motive  column  in  terms  of 

tlie  upcast  air. 

Influenoe  of  Furnaoe  Staqk.— To  increase  the  height  of  the  primarv  or 
fdrnace  column,  a  stack  is  often  erected  over  the  mouth  of  the  fUrnace  shaft. 
The  effect  of  tnis  is  to  increase  the  ventilating  pressure  in  the  mine  in 
proportion  to  the  increased  height  of  the  primary  column,  and  to  increase 
the  Quantity  of  air  passing  in  the  mine  in  proportion  to  the  square  root  ot 
this  height.  Thus,  the  square  root  of  the  ratio  of  the  heights  of  the  primary 
column,  before  and  after  the  stack  is  erected,  is  equal  to  the  ratio  of  the 
quantities  of  air  passing  before  and  after  the  erection  of  the  stack.  Or, 
calling  these  quantities  qi  and  q^,  and  the  height  of  stack  d,  we  have 
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A  large  number  of  meohanloal  ventilators  have  been  invented  and  applied, 
Mdth  more  or  less  success,  to  the  ventilation  of  mines.  The  earliest  type  of 
ventilator  was  the  -wind  cowl,  by  which  the  pressure  of  the%ind  at  the  sur- 
fiice  was  brought  to  bear  effectively  upon  the  mine  airways  by  the  action  of 
a  cowl  whose  mouth  could  be  turned  toward  the  wind;  this  was  naturally 
very  unreliable.  The  loater/all  was  also  extensively  applied  at  one  time,  but 
its  application  could  only  be  made  where  there  was  a  reliable  source  of 
water  supply,  and  where  the  drainage  of  the  mine  could  be  effected  through 
a  tunnel,  or  where  the  mine  opening  could  be  placed  in  connection  with 
such  a  waterfall  outside  of  the  mine.  Where  these  conditions  are  obtained, 
as  is  the  case  in  some  mountainous  distncts;  the  waterfall  is  still  in  use,  as 
it  is  an  effective  means  of  ventilation,  and  is  economical.  Its  application, 
however,  must  be  limited  to  the  ventilation  of  small  mines.  The  steam  jet 
is  another  mechanical  device  for  producing  an  air-current  in  the  mine.  The 
steam  is  allowed  to  issue  ftom  a  jet  at  the  bottom  of  an  upcast  shaft,  and, 
by  the  force  of  its  discharge,  causes  an  upward  current  in  the  shaft.  Its  use, 
however,  is  very  limited,  and  is  practically  restricted  to  the  ventilation  of 
shafts  while  sinking.  In  this  connection  it  may  be  mentioned,  however, 
that  the  discharged  steam  from  the  mine  pumps,  where  practicable,  may  be 
conducted  into  the  upcast  shaft;  or  the  discharge  pipe  from  the  pumps  may 
be  carried  up  the  upcast  shaft,  its  heat  increasing  the  temperature  of  the 
shaft,  and  thereby  increasing:  the  motive  column  and  the  ventilation. 

FtB  Ventilation.— Mechanical  motors  of  this  type  present  two  distinct 
modes  of  action  in  producing  an  air-current:  (a)  by  propulsion  of  the  air; 
and  (6)  by  establishing  a  pressure  due  to  the  centrifugal  force  incident  to 
the  revolution  of  the  fan.  Fans  have  been  constructed  to  act  wholly  on 
■one  or  the  other  of  these  principles,  while  others  have  been  constructed  to 
act  on  both  of  these  principles  combined. 

Disk  Fans.— The  action  of  this  tvpe  of  fan  resembles  that  of  a  windmill, 
•except  that  in  the  latter  the  wind  drives  the  mill,  while  in  the  former  the 
fan  propels  the  air  or  produces  the  wind.  This  type  of  fan  consists  of  a 
numoer  of  vanes  radiating  from  a  central  shaft,  and  inclined  to  the  plane  of 
revolution.  The  fan  is  set  up  in  the  passageway  between  the  outer  air  and 
.th.e  mine  airways.    Power  beijig  applied  to  the  shaft,  the  revolution  of  the 
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Tanes  propels  the  air,  and  produces  a  current  in  the  airways.  The  tua.  i 
force  the  air  through,  or  exhaust  the  air  from,  the  airways,  according  to  t 
direction  of  its  revolution.  This  type  of  fan  is  most  efficient  under  Mi 
pressures.  It  has  found  an  extensive  application  in  mining  practice,  t 
has  a  large  number  of  devotees,  but  has  oeen  replaced  to  a  laxge  deg 
in  the  ventilation  of  extensive  mines.  This  type  of  fan  acts  wholly  by 
propulsion. 

Contrifugtl  fans  include  all  fans  that  act  solely  on  the  centrifugal  principle,  ' 
and  those  that  combine  the  centrifugal  and  propulsion  principles.  The 
action  of  the  fan,  whether  by  centrifugal  force  alone,  or  combined  wiUt 
propulsion,  depends  on  the  form  of  the  fan  blades.  In  this  type  of  £ELn,  the 
blaaes  are  all  set  at  right  angles  to  the  plane  of  revolution,  and  not  inclined, 
as  in  the  disk  fan  just  described.  The  blades  may,  h(fwever,  be  either  radial 
blades,  sometimes  spoken  of  as  paddle  blades,  or  they  may  be  inclined  to  the 
radius  either  forward  in  the  direction  of  revolution,  or  backward.  When 
the  blades  are  radial,  the  action  of  the  fan  is  centrifugal  only.  The  inclina- 
tion of  the  blades  backward  from  the  direction  of  motion  gives  rise  to  an 
action  of  propulsion,  in  addition  to  the  centrifugal  action  of  the  fan.  The 
blades  in  this  position  may  be  either  straight  blaxles  in  an  inclined  positioD, 
as  in  the  original  Guibal  fan,  or  they  may  be  curved  backward  in  the  form 
of  a  spiral,  as  in  the  Schiele  and  Waddle  tans. 

Centrifugal  fans  may  be  (a)  exhaust  fans  or  (6)  force  fans  or  blowers.  In 
each,  the  action  of  the  fan  is  essentially  the  same;  i.  e.,  to  create  a  difference 
of  pressure  between  its  intake  or  central  opening,  and  its  dischai^ge  at  the 
circumference.  The  centrifugal  force  developed  by  the  revolution  of  the  air 
between  the  blades  of  the  fan  causes  the  air  within  the  fan  to  crowd  toward 
the  circumference;  as  a  result,  a  depression  is  caused  at  the  center  and  a 
compression  at  the  circumference,  giving  rise  to  a  difference  of  pressure 
between  the  intake  and  the  discharge  of  tne  fan. 

Exhaust  Fans.— If  the  intake  opening  of  the  fan  be  placed  in  connection 
with  the  mine  airways,  and  the  discharge  be  open  to  the  atmosphere,  the 
fan  will  act  to  create  a  depression  in  the  fan  drift  leading  to  the  mine,  wnich 
will  cause  a  flow  of  air  through  the  mine  airways  and  into  and  through  the 
fan.  In  this  case,  the  f&n.  is  exhausting,  its  Position  being  ahead  of  the 
current  that  it  produces  in  the  airway.  The  atmospheric  pressure  at 
the  intake  of  the  mine  forces  the  air  or  propels  the  current  toward  the 
depression  in  tM  fan  drift  caused  by  the  fian's  action. 

Foroe  Fans  and  Blowers.— If  the  discharge  opening  of  the  fan  be  placed  in 
connection  with  the  mine  airways,  a  compresaon  will  result  in  the  fian  diifl 
owing  to  the  fan's  action,  and  the  air  will  flow  fi*om  this  point  of  compres- 
sion through  the  airways  of  the  mine,  and  be  discharged  into  the  upcast, 
and  thence  into  the  atmosphere.  The  ventilating  pressure  in  the  case  of 
either  the  exhaust  fian  or  the  force  fan  is  equal  to  the  difference  of  pressure 
created  by  the  fan's  action.  In  the  former  case,  when  the  fan  is  exhausting, 
the  absolute  pressure  in  the  fan  drift  is  equal  to  the  atmospheric  pressure 
less  the  ventilating  pressure,  while  in  the  latter  case,  when  a  fan  is  forcing, 
the  absolute  pressure  in  the  fan  drift  is  equal  to  the  atmospheric  pressure 
increased  by  the  ventilating  pressure.  This  gives  rise  to  two  distinct  systems 
of  ventilation,  known  as  (a)  vacuum  system  and  (6)  plenum  system. 

Vacuum  System  of  Ventilation.— In  this  system,  the  ventilation  of  the  mine 
is  accomplished  by  creating  a  depression  in  the  return  airway  of  the  mine. 
This  depression  may  be  created  by  the  action  of  an  exhaust  fan,  as  just 
described,  or  by  the  action  of  a  fUmace.  In  either  case,  the  absolute  pres- 
sure in  the  mine  is  below  that  of  the  atmosphere,  or,  we  may  say,  the  mine 
is  ventilated  under  a  pressure  below  the  atmospheric  pressure.  Tnis  system 
has  many  points  of  advantage  over  the  plenum  system,  and  for  years  was 
considered  by  many  the  only  practicable  system  of  ventilation.  Its  appli- 
cation, however,  is  controlled  by  conditions  in  the  mine  with  resi)ect  to 
the  gases  liberated,  the  arrangement  of  the  haulage  system,  etc. 

Plenum  System  of  Ventilation.— In  this  system,  the  air-current  is  propelled 
through  the  mine  airways  by  means  of  the  compression  or  ventilating 
pressure  created  at  the  intake  opening  of  the  mine.  This  ventilating  pres- 
sure may  be  established  by  a  fan,  waterfall,  wind  cowl,  or  any  other 
mechanical  means  at  hand.  In  this  system,  the  absolute  pressure  in  the  mine 
is  above  that  of  the  atmosphere;  or,  as  we  say,  the  mine  is  ventilated  under 
a  pressure  above  the  atmospheric  pressure. 

Comparison  of  Vacuum  and  Plenum  Systems.— No  hard-and-fiast  rule  can  be 
lade  to  apply  in  every  case,  as  each  system  has  its  particular  advantages. 
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Ln  case  of  a  sudden  stoppage  of  the  ventilating  motor  at  a  mine,  there  is, 
n  ibe  yacuum  system,  a  rise  of  mine  pressure,  instead  of  a  fiiU,  and  the 
^ases  are  driven  back  into  the  workings  for  a  while,  while,  in  the  plenum 
system,  any  stoppage  of  the  ventilating  motor  is  followed  at  once  by  a  fall  of 
pressure  in  the  mine,  and  mine  gases  expand  more  ftoely  into  the  passage- 
Mrays  at  the  very  moment  when  their  presence  is  most  dangerous.  This 
point  must  be  carefWly  considered  in  the  ventilation  of  deep  workings.  In 
shallow  workings,  the  plenum  system  is  often  advantageous,  especially  if 
tliere  is  a  large  area  of  abandoned  workings  that  have  a  vent  or  opening  to 
the  atmosphere,  either  through  an  old  shaft  or  through  crevices  extending 
to  tlie  surface.  Every  crevice  or  other  vent  becomes  a  discharge  opening  by 
which  the  mine  gases  find  their  way  to  the  surface,  and  the  gases  accumu- 
latingr  in  the  old  workings  are  driven  back  into  the  workings,  and  find  their 
way  to  the  surface  instead  of  being  drawn  into  the  mine  airways,  as  would  be 
the  case  in  an  exhaust  system.  Any  given  fiill  of  the  barometer  affects  the 
ex:pansion.of  mine  gases  to  a  less  extent  in  the  plenum  system  than  in 
the  vacuum  system,  but  this  small  advantage  would  not  give  it  consider- 
ation in  determining  between  the  adoption  of  the  one  or  the  other  of  these 
two  systems;  regard  must  be  had,  however,  to  other  conditions  more  vital 
than  this.  In  the  ventilation  of  gaseous  seams,  owing  to  the  necessity  of 
making  the  intake  airway  the  haulage  road,  the  exhaust  system  has  usually 
been  adopted,  as  the  main  road  is  thereby  left  unobstructed  by  doors.  • 


TYPES  OF  OCNTRIFUQAL  FANS. 

We  shall  only  mention  the  more  prominent  types  of  fans  that  have  been 
or  are  still  in  use,  giving  the 
characteristic  features,  as  nearly 
as  possible,  of  each  fan.  Many 
fans  have  been  built,  however, 
combining  many  of  the  features 
that  originally  characterized  a 
single  type  of  fian. 

Nasnnyth  Fan.— Fig.  8  is  the 
original  type  of  fan  representing 
straight  paddle  blades  radiating 
from  the  center,  which  is  its 
characteristic  feature.  This  was 
probably  the  earliest  attempt  to 
apply  the  centrifugal  principle 
to  a  mine  ventilator,  and  al- 
though not  recognized  at   the 
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time,  the  fan  embodied  some  of  the  most  essential  principles  in  centrifugal 
ventilation.  It  possessed  certain  disadvantages,  however,  chief  of  which  was 
a  contracted  central  or  intake  opening.  Tne  blades,  also,  were  straight 
throughout  flieir  entire  length,  beincr  normal 
both  to  the  inner  and  outer  circles  of  the  fen, 
and  thus  did  not  provide  for  receiving  the  air 
without  shock  at  the  throat  of  the  tan.  The 
depth  of  Nasmyth's  blades  equaled  one-half  the 
radius  of  the  fan,  which  was,  under  ordinary 
conditions  of  mine  practice,  far  too  great,  and 
gave  the  fan  a  low  efficiency. 

Biram's  Ventilator.  -  About  1850,  Biram  at- 
tempted to  improve  upon  the  Nasmyth  ventilator 
by  reducing  the  depth  of  blade  so  that  it  was 
but  one-tenth  of  the  radius.  The  blades  were 
straight,  as  in  Nasmyth's  ventilator,  but  inclined 
backwards  fh)m  the  direction  of  motion  at  a 
considerable  angle.  A  large  number  of  these 
blades  were  employed.  This  fan  was  run  at  a 
considerable  speed,  but  proved  very  inefficient.  It  depended  more  on  the 
effort  of  propulsion  given  to  the  air  than  on  the  centrifugal  principle,  as 
the  depth  of  the  blade  was  as  much  too  small  as  that  of  Nasmyth's  was  too 
great.  The  intake  or  central  opening  in  this  fen  was  as  contracted  as  in 
the  former  type.    See  Fig.  9. 

Waddle  Ventilator.— In  this  fan.  Fig.  10,  the  inventor  attempted  to  reenforce 
ibe  dlAcharge  pressure  at  the  circumference  against  the  pressure  of  the 
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atmosphere.    The  discharge  took  place  all  around  the  entire  circumfei 
of  the  fan,  which  was  entirely  opened  to  the  atmosphere.    The  blades  i 
curved  backward  fh)m  the  direction  of  motion  in  spiral  form.    The  i 
of  the  blade  decreased  fh)m  the  throat  toward  the  circumference,  so  as  t 
present  an  inverse  ratio  to  the  length  of  radius.    Thus,  the  area  of  i 

between  the  fan  blades  was  i 
maintained  constant  from  , 
the  tiiroat  to  the  circumfer-  i 
ence  of  the  fan.  The  pur- 
pose of  this  was  to  maintain 
the  velocity  of  the  air 
through  the  fan  constant, 
and  to  fortify  the  pressure 
due  to  the  fan  against  the 
atmospheric  pressure  at  the 
point  of  discharge.  The  es- 
sential features  of  the  Wad- 
dle ventilator  were,  there- 
fore, curved  blades  tapered 
toward  the  circumference, 
and  a  free  dischai^  into 
the  atmosphere  all  around 
Fig.  10.  the  circumference.      This 

type  is  the  best  type  of  the 
open-running  fan  having  no  peripheral  casing,  and  discharging  air  into 
the  atmosphere  all  around  the  circumference. 

Sohiele  Ventilator.— This  ventilator.  Fig.  11,  was  constructed  on  the  same 
principles  as  the  Waddle  ventilator  just  described,  but  differed  from  the 
latter,  as  the  discharge  was  made  into  a  spiral  chamber  surrounding  the 
fan  and  leading  to  an  expanding  or  6vas6  chimney.  There  was  some  advan- 
tage in  this  feature,  as  it  protected  the  fan  against  the  direct  influence  of 
the  atmosphere,  and  reduced  the  velocity  of  discharge;  but,  in  each  of 
these  fans,  the  intake  opening  was  contracted,  and  the  depth  of  blade  was 
very  great,  fielding  a  comparatively  low  eflBciency. 

Golbal  Ventilator.— The  next  important  step  in  the  improvement  of  centrif- 
ugal ventilators  was  introduced  by  M.  Gulbal,  who  constructed  a  fan. 
Fig.  12,  embodying  the  features  of  the  Nasmyth  ventilator,  with  the  addition 
of  a  caaug  built  over  the  fan  to  protect  its  circumference.  This  casing  was, 
however,  a  tigbit-fitting  casing,  and  as  such,  differed  very  materially  from  the 
Schiele  casing.    In  the  Guibal  fan  the  blades  were  arranged  upon  a  series  of 

rallel  bars  passing  upon  each  side  of  the  center  and  at  some  distance  Arom 
By  this  construction,  the  blades  were  not  radial  at  their  inner  edge  or 
the  throat  of  the  fan.  They  were  curved,  however,  as  they  approached  the 
circumference  of  the  fan,  so  as  to  be  normal  or  radial  at  the  circumference. 


Fig.  11. 


Fig.  12. 


The  advantage  of  this  construction  was  to  give  a  strong  skeleton  or  frame- 
work to  the  revolving  parts,  and.  ftirther,  each  blade  was  incUned  to  the 
rddms  at  its  inner  extremity,  the  effect  of  which  was  to  receive  the  air  upon 
the  blade  with  less  shock  than  was  the  case  in  the  Nasmyth  ventilator.  The 
itake  or  central  opening,  however,  was  very  contracted,  and  the  tiight-fitting 


EFFICIENCY  OF  FAXft. 


r,89 


casini^  about  the  drctunference  prevented  the  effective  action  of  the  fan 
during  a  considentble  portion  of  its  revolution.  The  fiin  was  supplied 
with,  an  6va84  chimney,  which  was  a  feature  of  the  Schiele  fan,  but 
vibration  was  so  strong  that  a  shutter  was  required  at  the  cut-off  below 


Fig.  13. 

the  chimney,  to  prevent  it.    This  shutter  was  made  adjustable,  and  is  known 
as  the  Walker  shutter,  having  been  applied  to  the  fan  later. 

The  Guibal  ventilator  presents  some  important  and  valuable  features 
in  the  protecting  cover,  and  in  the  blades  meeting  the  outer  circumference 
radially,  and  in  the  air  being  received  with  less  shock  than  before.  On  the 
whole,  It  has  proved  a  very  efficient  ventilator,  although  much  work  is  lost 
by  reason  of  its  contracted  central  orifice  and  tight  c^ing,  where  the  same 
is  used. 

M«rphy  Vtntilttor.—Fig.  18  consists  of  twin  fians  supported  on  the  same 
shaft  and  set  a  few  feet  apart.  Each  fan  receives  its  air  on  one  side  only, 
the  openings  being  turned  toward  each  other.  This  ventilator  is  built  with 
a  small  diameter,  and  is  run  at  a  high  speed.  The  blades  are  curved  back- 
wards from  the  direction  of  motion.  The  intake  opening  is  considerably 
enlarged;  a  spiral  casing  generally  surrounds  the  fan,  and  in  every  respect 
this  fan  makes  an  efficient  high-speed  motor.  It  has  received  considerable 
favor  in  the  United  States,  where  it  has  been  introduced  into  a  large  number 
of  mines. 

Ctpell  Vtntilattr.— Perhaps  none  of  the  centrif\igal  ventilators  have  been 
as  little  understood  in  regard  to  their  principle  ot  action  as- the  Capell  fan. 
The  fan  is  constructed  along  the  lines  of  the  Schiele  ventilator,  but  differs 
fVom  that  ventilator  in  the  manner  of  receiving  its  intake  air  and  delivering 
the  same  into  the  main  body  of  the  fan.  Here,  and  revolving  with  it,  is  a  set 
of  smaller  supernumerarv  blades.  These  blades  occupy  a  cylindrical  space 
within  the  main  body  or  the  fan,  and  are  inclined  to  the  plane  of  revolu- 
tion so  as  to  assist  in  deflecting  the  entering  air  through  small  ports  or 
openings  into  the  main  body  of  the  fan,  where  it  is  revolved  and  discharged 
at  the  circumference  into  a  spiral  space  resembling  that  surrounding  the 

Schiele  fan.  The  larger  blades  of  this 
fan  are  curved  backwards  as  the  Schiele 
blades,  but  are  not  tapered  toward  the 
circumference.  The  fan  is  capable  of  giv- 
ing a  high  water  gauge,  and  is  efficient 
as  a  mine  ventilator.  The  space  surround- 
ing the  fan  is  extended  to  form  an  ex- 
panding chimney.  The  fan  may  be  used 
either  as  an  exhaust  fan  or  a  blower. 
The  best  results  in  the  United  States  have 
been  obtained  by  blowers.  In  Germany, 
where  this  fan  is  in  general  use,  there  are 
no  blowers. 

The  position  of  the  fan,  whether  used  as 
an  exhaust  or  blower,  should  be  suffi- 
ciently removed  from  the  fan  shaft  to 
avoid  damage  to  the  fan  in  case  of  ex- 
plosion in  the  mine.  Even  in  non-gaseous 
mines,  the  fan  should  be  located  a  short  distance  back  trova  the  shaft 
mouth,  to  avoid  damage  due  to  settlement.  Connection  should  be  made 
with  the  fan  shaft  by  means  of  an  ample  drift,  which  should  be  deflected 
into  the  shaft  so  as  to  produce  as  little  shock  to  the  current  as  possible.    In 


Pig.  14. 


390 


VENTILATION  OF  MINESi. 


Fig.  15. 


case  of  gafieous  seams,  explosion  doors  should  be  provided  at  the  shaft 
mouth.  The  ventilator  at  every  large  mine  should  be  arranged  so  that  it 
ma^  be  converted  fVom  an  exhaust  to  a  blow-down  fan  at  short  notice. 
This  is  managed  by  housing  the  central  orifices  or  intake  of  the  fan  in 
such  a  manner  as  to  connect  them  directly  with  the  fan  drift.  A  large  do(»r 
ab,  Fig.  16,  is  arranged  at  the  foot  of  the  expanding  chimney,  the  latter 

being  placed  between  the  fan 


and  the  shaft.  This  door, 
when  the  fan  is  exhausting, 
is  in  the  lower  position  ah. 
and  then  forms  a  portion  of 
ijxe  spiral  casing  leading  to 
the  chimnev.  when  the  fan 
is  blowing,  nowever,  the  door 
is  swung  upwards  so  as  to  oc- 
cupy the  position  ac,  being 
tangent  to  the  cut-off  at  c, 
thereby  closing  the  diacharge 
into  the  chimney  and  causiu^ 
it  to  enter  the  fan  drift  behind 
the  door.  At  the  same  time, 
the  positions  of  the  two  doors. 
ed  and  fd,  in  the  fan  drift,  are 
changed  to  et  and  /«,  respec- 
tively, to  open  the  fan  drift 
to  the  discharge  from  the  fan. 
and  to  close  the  openings  lead- 
ing from  the  fan  drift  to  the 
housing  ui)on  each  side  of  the 
£eui,  while  another  set  of  doors 
A  A  upon  each  side  of  the  fan. 
In  the  housing,  which  were 
previously  closed  tightly,  are 
now  set  wide  open  to  admit 
the  outside  air  to  the  intake  openings  of  the  fan.  The  fan  is  thus  made  to 
draw  its  air  from  the  atmosphere,  and  discharge  it  into  the  fan  drift,  instead  of 
drawing  its  air  f^om  the  fan  drift  and  discharging  into  the  chimney,  as  before. 
The  minometricil  efRoienoy  of  a  fan  is  the  ratio  between  its  eifective  and 
theoretical  pressures.    It  has  been  assumed  that  the  theoretical  pressure  due 

u"                   tt*  X  1  2  X  12 
to  the  fan's  action  is  given  by  the  equation  A  =  — ,  or  i  = ^"1000""' 

u  being,  as  before,  the  tangential  speed  (feet  per  second),  and  g  the  force  of 
gravity  (32.16);  h  =  head  of  air  column  in  feet;  i  =  water  gauge  in  inches. 
The  term  mechanical  afflciancy,  as  applied  to  the  ventilator,  is  the  ratio 
between  its  effective  and  theoretical  powers.  In  estimating  the  efficiency  of 
a  ventilator,  it  is  customary,  though  incorrect,  to  estimate  the  theoretical 
power  of  the  fan  fi-om  an  engine  card  taken  from  the  steam  cylinder  of  the 
fan  engine.  The  efficiency  of  the  steam  engine  is  thus  conAised  with  the 
efl&ciency  of  the  ventilator.    Mr.  Beard  gives  the  following  formula  for 

the  theoretical  work  of  the  fan  per  minute:  U  =  .001699^*^^  ^/VR^  b  n«. 

in  which  m  =  ratio  between  outer  and  inner  diameters  of  fan  (D  =  «i  d), 
and  V  =  velocity  (feet  per  minute)  of  air  in  fan  drift;  B  =  outer  radius  of 
fan  blades  (feet);  6  =  breadth  of  fan  blades  (feet);  n  =»  number  of  revolu- 
tions of  fan  per  minute.  If  we  divide  the  power  upon  the  air,  as  determined 
bv  the  expression  qp,  by  the  theoretical  work  given  in  the  last  equation,  we 
obtain  the  value  or  the  coefficient  of  eflBciency.  According  to  this  formula 
the  efl&ciency  of  the  ventilator  changes  with  the  speed,  decreasing  as  the 
si>eed  increases,  but  not  in  the  same  ratio.    An  expression  for  the  coefRcient 

of  efficiency  of  a  ventilator  is  given  by  Beard  as  follows:  K  =     x»  4-  im  fifW 

The  factor  els  a  constant  of  design  whose  value  may  vary  trom.  2  to  7,  but 
for  an  ordinary  design,  the  value  c  =  4  may  be  taken.  This  factor  has  refer- 
ence to  the  equipment  of  the  machine  with  respect  to  its  efficiency  for  pass- 
ing an  air-current  through  itself  with  least  resistance.  Thus,  where  the 
ventilator  is  to  be  equipped  with  'intake  blades  for  the  deflection  of  the  air- 
current  into  the  motor,  and  with  straight  radial  blades  having  only  a  forward 
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curve  at  the  lip  of  the  blade  to  avoid  the  shock  of  the  entry  air  against  the 
revolving  blades,  and  the  spiral  casing  starting  a  short  distance  upon  the 
cut-off  and  extending  uniformly  around  the  circumference  of  the  fan, 
tlie  value  of  this  constant  may  be  2  or  3.  Where  none  of  these  accessories 
to  tlie  efficiency  of  the  fan  is  employed,  the  value  of  c  may  be  as  high  as  7. 

FAN   CONSTRUCTION. 

Size  of  Contril  Orlfloe.— The  velocity  of  the  intake  should  vary  between 
1 ,00O  ft.  and  1,500  ffr.  per  minute,  while  1,200  ft.  may  be  used  for  fan  calcula- 
tions.    If  d  =  diameter  of  opening,  and  q  =  quantity  of  air  passing  per 

minute,  d  =  yL^  ^  ^^^  for  single-intake  fans,  and  d  =  -^gj^oQ^ 

for  double-intAe  fans. 

Upon  entering  the  fan  the  air  travels  in  a  radial  direction;  this  change  of 
<lirection  is  accompanied  by  a  slight  reduction  of  the  velocity,  hence  the 
tliroat  area  of  the  fan  must  be  slightly  in  excess  of  the  intake  area.  The 
throat  is  the  surface  of  the  imaginary  cylinder  that  has  for  its  two  bases  the 
two  intake  openings  of  the  fan,  and  for  its  length  the  width  of  the  fan,  = 
irdh,  [The  tiiroat  area  is  commonly  made  1.25  times  the  total  area  of  the 
intake  orifices,  which  gives  for  breadth  of  blade  b  =  |  d  for  double  intake, 
and  &  =  A  d  for  single  intake.— feard.} 

Di •meter  of  Fan.— Murgue  assumes  the  tangential  velocity  of  the  blade 
tii)6  (tc)  to  create  a  depression  double  that  due  to  the  velocity  as  expressed 

by  the  equation  B  =  —,  or  if  the  manometrical  eflQciency  =  IT,  and  the 

effective  head  produced  =  h,  h  =  KH  =  K— ,  or  u=  a/^.    From  this 

equation,  the  tangential  velocity  (feet  per  second)  may  be  calculated  for 
any  given  effective  head  h.  This  effective  head  h  is  the  head  of  air  column 
effective  in  producing  the  circulation  in  the  airway.  To  convert  the 
effective  head  of  air  column  into  inches  of  water  gauge  (f),  we  have 

1 000 
h  =       '  i.    Having  found  the  tangential  speed  required  in  feet  per 

l.J  X  liJ 
second,  this  is  multiplied  by  60,  to  obtain  the  speed  in  feet  per  minute, 
and  dividing  this  result  by  the  desired  number  of  revolutions  per  minute,  or 
the  desired  speed  of  the  ventilator,  the  outer  circumference  of  the  fan 
blades  is  obtained,  ^o  reference  is  made  in  the  equation  to  the  quantity 
of  air  in  circulation,  which  is  determined  from  the  equivalent  orifice  of 

the  mine  and  of  the  fan  by  the  equation  V  —  '- — ^^ -^— ,    in    which 

V  =  volume  of  air  (cu.  ft.  per  sec.};  a  =  equivalent  orifice  of  the  mine: 
o  »s  the  equivalent  orifice  of  the  ran.    M.  Muigue  also  uses  the  equation 

h  =  — ^— ,  and  suggests  that  the  value  of  K  for  any  particular  type  of 

machine  should  be  first  decided,  after  which  the  tangential  speed  required 
to  produce  any  given  effective  head  of  air  column  (h)  is  easily  calculated 

ftom  the  formula  u  =  \/'%.    The  breadth  of  the  blade  is  left  largely  to 


;his  method 


judgment,  while  this  method  of  calculation  gives  the  same  size  of  fan 
for  any  given  effective  head  desired,  regardless  of  the  quantity  of  air  to 
be  circulated,  which  is  the  same  as  sajring  that  the  ventilator  will  present 
the  same  efficiency  when  a  large  amount  of  air  is  crowded  through  its 
orifice  of  passage  as  when  a  smaller  amount  of  air  is  necessary. 

Mr.  Beard  uses  the  following  formulas  for  determining  the  several  dimen- 
sions of  a  ventilating  fan: 


~  \  «2/-f( 
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in  which  m  =  -j,  which  is  the  ratio  between  the  outer  diameter  of  the  t 
a 

blades  D  and  the  inner  diameter  of  the  blade  d,  which  equals  the  diameter  I 
the  intake  orifice;  b  »  width  of  £Ein  blade;  e  =»  expan^on  of  spiral  casing  f 
point  of  cutoir.  ' 

The  other  svmbols  stand  for  the  same  quantities  as  previously  indicated  J 

Cunraturt  of  Bladss.— It  was  at  one  time  supposed  that  the  curvatnie  r 
the  blades  should  be  such  that  the  radial  passage  of  the  air-current  wou* 
be  undisturbed  by  the  revolution  of  the  fan;  but  fans* constructed  on  tl 
principle  gave  no  adequate  results,  and  the  theoretical  spiral  thus  develop 
was  entirely  abandoned.  A  certain  curvature  of  the  blade  backwai 
however,  is  assumed  by  many  to  increase  the  efficiency  of  the  fan.  Tb 
has  not  been  proved  in  practice,  but  the  effect  of  the  backward  curvatui 
appears  simply  to  necessitate  a  higher  speed  of  revolution  in  tbe  fiui,  in 
order  to  obtain  the  same  results  as  are  obtained  with  radial  blades.  - 

The  Guibal  blade,  radial  at  its  outer  extremitv,  or  normal  to  the  outer 
circumference,  and  curved  forward  in  the  direction  of  motion,  at  its  inner 
extremity,  so  that  the  lip  of  the  blade  approaches  tangency  to  the  throat 
circle,  seems  the  most  effective  blade  in  centriAigal  ventilation. 

Tapsred  Blades.— The  object  of  the  taper  is  to  produce  a  constant  area  of 
passage  from  the  throat  to  the  circumference  of  the  &n,  and  thus  prevent 
the  reduction  of  the  velocity  of  the  current  in  its  passage  througrh  the 
&n.  This  feature  presents  an  attempt  similar  to  that  attempted  By  the 
curvature  of  the  blades,  to  hasten  the  passage  of  the  air  through  the  fan. 
It  has  not  been  proved,  however,  to  nave  produced  any  beneficial  result, 
except  in  the  strengthening  of  the  discharge  pressure  aeainst  the  atmos- 
pheric pressure,  in  open-running  /ana.  On  the  other  hand,  the  slowing  up 
of  the  air  in  its  passage  through  a  covered  fan  has  by  no  means  been 
proved  a  detriment,  but  is  assumed  by  many  to  be  an  advantage,  inasmuch 
as  the  air  thus  remains  longer  within  the  infiuence  of  the  fan  blades. 

The  number  of  bladoa  depends  on  the  size  of  the  fan.  An  increased  number 
strengthens  the  fian's  actton  at  the  circumference,  or  supports  the  air  at  that 
point,  and  thus  prevents  the  backlash  or  the  reentry  of  air  into  the  fan.  due 
to  the  eddies  occurting  at  the  circumference  when  the  blades  are  too  far 
apart.  To  a  certain  extent,  the  number  of  blades  is  modified  by  the  speed 
or  revolution,  high-speed  motors  requiring  a  somewhat  lesser  number, 
while  low-speed  motors  require  more.  In  any  case,  the  number  of  blades 
should  not  be  so  great  as  to  abnormally  increase  the  resistance  to  the  air- 
current.  In  general,  the  distance  ux)on  the  outer  circumference  ttom.  tip 
to  tip  of  the  fan  blades  should  be  from  2  to  3  times  the  depth  of  the  blade. 

Tne  spiral  casing  gradually  reduces  the  velocity  of  the  air  and  reduces  the 
shock  incident  to  the  discharge  of  the  air  into  the  atmosphere.  The  spins/ 
casing  should  be  so  proportioned  that  the  velocity  of  the  fiow  fit)m  the  fan 
blades  will  be  maintained  constant  around  the  entire  circumference,  and 
this  should  not  be  less  than  the  velocity  of  the  blade  tips.  The  expansion  f 
of  the  casing  at  the  cut-off  should  be  such  as  to  provide  a  velocity  of  the 
air  at  this  point  equal  to  the  velocity  of  the  blaae  tips,  according  to  the 

equation  e  =  —^—r,  in  which  D  =  diameter  of  fan;  n  =  number  revolu- 
vDnb 

tions  per  minute;  b  =  breadth  of  fan  blade. 

The  ovate  ohimnoy  reduces  the  velocity  of  the  air,  as  it  is  discharged  into 
the  atmosphere,  to  a  minimum.  The  chimney  should  be  sufficiently  high 
to  protect  the  fan  from  the  effect  of  high  winds,  but  should  not  extend  too 
far  above  the  fan  casing,  the  point  of  cut-off  being  situated  below  this,  at 
about  the  level  of  a  tangent  to  the  throat  circle  at  its  lower  side. 

High-Spood  and  Low-Spood  Motors.— The  question  of  speed  of  the  venti- 
lating motor  is  largely  an  open  one.  inasmuch  as  the  same  work  may  be 
performed  by  a  small  ventilator  running  at  a  high  speed  as  is  performed  by 
a  large  ventilator  running  at  a  low  speed. 

It  is  important  to  design  a  mine  ventilator  at  a  speed  such  as  to  admit  of 
its  being  increased  in  case  of  emergency.  If  the  ventilator  has  been 
designed  at  a  high  speed,  a  demand  for  an  increase  of  speed  cannot  be  met 
as  readily  as  when  the  ventilator  is  designed  at  a  medium  or  low  speed;  in 
other  words,  the  exigencies  of  mine  ventilation  demand  that  a  ventilator 
shall  be  capable  of  greatly  increased  speed. 

Fan  Testa.— A  large  number  of  fan  tests  have  been  made,  from  time  to 
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ime,  on  <lifferent  types  of  fans  and  under  different  conditions,  with  respect 
9  the  resistance  against  which  the  fan  is  operated,  and  the  quantity  or  air 
lequired,  and  the  speed  of  the  ventilator.  The  experiments  have  resulted, 
o  a  larsre  extent,  in  tabulating  a  mass  of  contradictory  data.  The  condi- 
ions  th&t  affect  the  yield  of  the  centrifugal  ventilator  are  so  numerous,  and 
;he  tabulation  of  the  necessary  data  has  been  so  often  neglected  in  these 
^periinents,  as  to  render  them  practically  useless  for  the  purpose  of 
scientific  investigation.  In  conducting  a  reliable  fan  test,  the  following 
points  sh.ould  be  observed:  (1)  Take  the  velocity,  pressure,  and  temperature 
»f  the  air  at  the  same  point  in  the  airway,  as  nearly  as  practicable.  This 
point  sliould  be  selected  near  the  foot  of  the  downcast  shaft,  or  in  the  fan 
orift  at  a  suitable  distance  from  the  fan,  to  avoid  oscillations  of  pressure  and 
velocity.  (2)  The  area  of  the  fan  drift  should  be  uniform  for  a  suitable 
di.<stance  in  each  direction  from  the  point  of  observation,  and  this  area 
shoul^l  be  carefully  measured.  (3)  Take  the  anemometer  readings  at  differ- 
ent positions  in  the  airway,  so  as  to  obtain  an  average  reading  over  the  entire 
sectional  area.  Do  not  interpose  the  body  in  this  area  so  as  to  decrease  the 
sectional  area  of  the  airway.  (4)  Take  outside  temperature  of  the  air  and 
the  barometric  pressure  at  the  time  of  making  the  test.  (5)  The  intake  and 
discharge  openings  of  the  fan  should  be  protected  against  wind  pressure. 
(6)  At  least  three  observations  should  be  made,  at  as  many  different  speeds 
of  the  ventilator,  and  the  number  of  revolutions  of  the  fan  carefully  observed 
iwnd  recorded  for  each  observation. 

Mr.  K.  Van  A.  Norris  (Trans.  A.  I.  M.  E.,  Vol.  XX,  page  637}  gives  the 
results  of  a  large  number  of  experiments  performed  upon  different  mine 
ventilating  fans.  This  table,  like  all  other  tabulated  fan  tests,  shows  a  large 
fiLToonnt  orcontradictory  data.  The  conclusions  drawn  by  Mr.  Norris  from 
these  tests  are  interesting  and  would  be  given  here  excepting  that  they 
might  be  misleading  if  considered  apart  from  the  description  of  the  expen- 
ments  and  the  discussion  leading  up  to  the  conclusions. 
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Doors.— A  mine  door  is  used  for  the  purpose  of  deflecting  the  air-current 
from  its  course  in  one  entry  so  as  to  cause  it  to  traverse  another  entry,  at  the 
same  time  i)ennitting  the  passage  of  mine  cars  through  the  first  entry.  The 
essential  points  in  the  construction  of  a  mine  door  are  that  it  shall  be  hung 
from  a  strong  door  frame  in  such  a  manner  as  to  close  vriih  the  current.  The 
door  should  be  hung  so  as  to  have  a  slight  fall.  If  necessary,  canvas  flaps 
may  be  supplied  to  prevent  leakage  around  the  door,  and  particularly  at  the 
bottom.  Dovble  doors  are  used  on  main  entries  at  the  shaft  bottom,  or  at 
any  point  where  the  opening  of  the  door  causes  a  stoppage  of  the  entire  cir- 
culation of  the  mine.  Such  doors  should  be  placed  a  suflicient  distance 
apart  to  allow  an  entire  trip  of  mine  cars  to  stand  between  them,  so  that  one 
of  the  doors  will  always  be  closed  while  the  other  is  open. 

Stoppings.— Stoppings  are  used  to  close  break-throughs  that  have  been 
made  tmrough  two  entries,  or  rooms,  for  the  purpose  of  maintaining  the  cir- 
culation as  the  workings  advance;  also  to  close  or  seal  off  abandoned  rooms 
or  working  places.  Stoppings  must  be  air-tight  and  substantially  built.  A 
good  form  of  stopping  is  constructed  by  laying  up  a  double  wall  of  slate, 
having  about  8  or  10  in.  of  space  between  the  two  walls.  This  space  is  filled, 
as  the  Duilding  progresses,  with  dirt  taken  from  the  roadways,  or  other  fine 
material.  In  the  building  of  stoppings  to  seal  off  mine  fires,  it  is  important 
to  begin  the  work  at  the  end  nearest  the  return  air,  and  work  toward  the 
intake  end,  which  should  be  sealed  off  last.  This  method  avoids  the  danger 
of  an  explosion  occurring  within  the  workings  that  are  being  sealed  off,  as 
the  necessary  dilution  of  the  gases  within  is  accomplished  by  the  fresh  air- 
current,  until  the  intake  is  finally  sealed.  Where  the  intake  is  sealed  first, 
an  explosion  is  almost  inevitable,  as  has  been  proved  in  many  instances. 

Air  Bridgis.— An  air  bridge  is  a  bridge  constructed  for  the  passage  of  air 
across  and  over  another  airway,  this  being  called  an  overcast;  or,  the  cross- 
ing may  be  made  to  pass  under  the  airway,  this  being  called  an  undercast. 
In  almost  every  Instance,  overcasts  are  preferable  to  undercasts  for  several 
reasons.  An  undercast  is  liable  to  be  filled  with  water  accumulating  from 
mine  drainage;  it  is  also  liable  to  fill  with  heavy  damps  from  the  mine,  when 
the  ventilation  is  sluggish,  and  to  offer  considerable  resistance  to  the  free 
passage  of  the  air-current.  An  undercast  can  never  be  maintained  as  air- 
tight as  an  overcast,  on  account  of  the  continual  travel  through  the 
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haulaj^eway  or  passageway  leading  over  it.  This  continual  passdog  oi 
the  bridge  causes  a  nne  dust  to  sift  into  the  airway  and  mingrle  with  1 
air-current.  AH  these  objections  are  oyercome  in  the  construction  of  tl 
overcast. 

An  air  brattiot  is  any  partition  erected  in  an  airway  for  tlie  purpose  < 
deflecting  the  current.    A  thin  board  stopping  is  sometimes  spoken  of  asi 
brattice;  out  the  term  applies  more  particularly  to  a  thin  board  or  canva 
partition  running  the  leneth  of  an  entry  or  room  and  dividing  it  into  t«»1 
airways,  so  that  the  air  will  be  obliged  to  pass  up  one  side  of  the  partition | 
and  return  on  the  other  side  of  the  partition,  thus  sweeping  the  face  of  thei 
heading  or  chamber.    Such  a  temporary  brattice  is  often  constructed  by  \ 
nailing  brattice  cloth  or  heavy  duck  canvas  to  upright  posts  set  flrom  4  to  6  ft 
apart  along  one  side  of  the  entry  a  short  distance  from  the  rib. 

Curtslns.— These  are  sometimes  called  canvas  doors.  Heavy  duck,  or 
canvas,  is  hung  from  the  roof  of  the  entry  to  divide  the  air  or  deflect  a 
portion  of  it  into  another  chamber  or  entry.  Curtains  are  thus  used  very 
often  previous  to  setting  a  permanent  door  tnme.  They  are  of  much  use 
in  longwall  work,  or  where  there  is  a  continued  settlement  of  the  roof. 
which  would  prevent  the  construction  of  a  permanent  door;  also,  in  tempo- 
rary openings  where  a  door  is  not  required. 
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HOISTING. 

There  are  two  general  systems  of  hoisting  in  use:  (a)  HouHng  without 
attempting  to  balance  the  load.  In  this  system,  the  cage  and  its  load  are  hoisted 
by  an  engine  and  lowered  by  gravity,  (o)  Hoisting  in  balance.  In  this 
system,  the  descending  cage  or  a  special  counterbalance  assists  the  engine  to 
hoist  the  loaded  ascending  cage.  Hoisting  in  balance  is  usually  eflfected  by 
the  use  of  (1)  double  cyundncal  drums;  (2)  flat  ropes  winding  on  reels; 
(3)  conical  drums:  (4)  the  Koepe  system;  (5)  the  Whiting  system. 

1.  Double  cylinorioal  drums  are  widely  used:  they  consist  essentially  of  an 
engine  coupled  directly  or  else  geared  to  the  common  axis  of  the  drums. 
The  drums  are  usually  provided  with  fHction  or  positive  clutches,  and 
brakes,  so  that  they  can  be  run  singly  if  desired,  or  the  load  can  be  lowered 
by  gravity  and  the  brake. 

2.  Flat  ropes  wound  on  reels  are  sometimes  used  either  for  unbalanced 
hoisting  with  a  single  reel  or  for  balanced  hoisting  with  a  double  reel.  With 

the  double  reels,  the  load  on 
the  engine  is  balanced 
throughout  the  entire  hoist, 
for,  as  the  rope  is  wound  on 
the  reel,  the  diameter  of  the 
reel  is  increased,  and  the 
lever  arm  through  which 
the  power  of  the  engine  is 
applied  is  also  increased  and 
the  mechanical  efficiency  of 
the  hoisting  system  de- 
creased. Thus,  when  the 
cage  is  at  the  bottom  of  the 
shaft  and  the  entire  weight 
of  the  rope  is  out,  giving  the 
maximum  load  to  be  hoisted, 
the  drum  is  of  a  minimum 
diameter  and  the  engine  has, 
therefore,  its  greatest  lever- 
age to  start  the  load.  A  flat 
rope  has  the  advantage  of 

preventinff  fleeting,  but  its  first  cost,  extra  weight,  wear,  and  difficulty  of 

repairing  nave  prevented  its  very  general  adoption. 

3.  Conical  Drums.— A  conical  drum,  Fig.  1,  equalizes  the  load  on  an  engine 
lust  as  a  flat  rope  on  a  reel  does.  On  account  of  the  fleeting  of  the  rope, 
however,  the  drum  must  be  set  at  a  considerable  distance  from  the  shaft  to 

►revent  the  rope  leaving  the  head-sheave.     A  tail-rope  gives  the  most 


Fig.  1 
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perfect  counterbalance,  the  weight  of  the  cage  and  rope  on  each  side  being 
exactly  equal. 

,  .4:.  in  the  Koopo  system,  Fig.  2,  one  rope  runs  over  and  the  other  under 
arivirkg  sheaves  S.  A  tail-rope  R  is  used,  and  the  head-sheaves  x,  7d  are 
placecl  vertically  and  at  such  an 

an^le     to.  each  other  that  their  sr  x* 

grooves  and  the  groove  in  the  dri- 
vings   sheave    are  in  line.    As  the 
main,  driving  shaft  is  short,  the  en- 
gines can  be  placed  close  together, 
tlkiis  Tequiring  a  smaller  foundation 
aii<l  engine  house  than  for  a  drum 
lioist.    The  objection  to  the  system 
is  tkie  liability  of  the  rope  to  slipping 
aToont  the  driving[  sheave,  and  for 
tlxis  reason  a  hoisUng  indicator  can- 
not be  depended  on.    The  system  is 
also    inconvenient    for  hoisting  from   different 
levels  in  the  same  shaft,  and,  in  case  of  the  rope 
l>reaking,  both  cages  fall  to  the  bottom. 

5.    The  Whiting  system,  Fig.  3,  uses  two  narrow- 

nx>oyed  drums  placed  tandem  instead  of  a  single- 

cLriving  sheave  as  is  used  in  the  Koepe  svstem. 

Xlie  rope  passes  from  the  cage  A  over  a  head-sheave, 

under  the  guide  sheave  T  and  around  the  sheaves 

M,  F  three  times,  then  out  to  the  fleet  sheave  C, 

l>ack  under  another  guide  sheave,  and  up  over 

another  head-sheave  to  the  cage  B.    The  sheave  M 

is  driven  by  a  motor  either  coupled  direct  to  its 

shaft,  or  geared.    The  drums  F  and  Jf  are  coupled 

together  oy  a  pair  of  connecting-rods  like  the 

drivers  of  a  locomotive,  and  this  arrangement 

makes  it  possible  to  utilize  all  the  friction  of  1)oth 

drums  to  drive  the  rope.    Thus  a  tail-rope  is  not  depended  on  to  produce 

more  fHction,  though  one  is  generally  used  as  a  balance  to  the  loads. 

It  is  best  to  incline  the  follower  sheave  F  from  the  vertical  an  amount 


Fig.  2. 


C) 


equal  in  its  diameter  to  the  distance  between 
the  centers  of  two  adjacent  grooves,  the  object 
being  to  eliminate  chafing  between  the  ropes 
around  the  drums  and  to  prevent  them  from 
running  off  by  enabling  the  rope  to  run  from 
each  groove  in  one  drum  straight  to  the  proper 
groove  in  the  other.  This  throws  the  shaft  and 
crankpins  out  of  parallel  with  those  of  the  main 
drum,  but  this  difllculty  is  overcome  by  the 
connections  in  the  ends  of  the  parallel  rods. 
The  fleet  sheave  C  is  arranged  to  travel  back- 
wards and  forwards,  as  shown  by  the  dotted 
lines,  in  order  to  change  the  working  length  of 

the  rope,  whereby  hoisting  can  be  done  from  different  levels  in  the  shaft. 
The  power  used  for  hoisting  is  generally  steam  for  the  main  hoists.    Elec- 
tricity is,  however,  coming  rapidly  into  use,  particularly  for  smaller  hoists 
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and  local  installations,  and  for  main  hoists  in  locations  where  ftiel  is 
expensive  and  water-power  available.  Gasoline  engines  are  also  being  used 
to  an  increasing  degree,  particularly  for  smaller  hoists  and  in  local  installa- 
tions, and  they  are  said  to  give  very  satisfactory  results. 


PROBLEMS  IN   HOISTING. 

To  BaUnct  •  Conical  Drum.— Having  given  the  diameter  of  one  end  of  a 
conical  drum,  to  determine  the  diameter  of  the  other  end  that  will  equalize 
the  load  on  the  engines.  In  Fig.  1,  call  total  load  at  bottom  A,  empty  cage 
at  top  B,  loaded  cage  at  top  C,  empty  cage  plus  rope  at  bottom  I),  small 
diameter  of  drum  x,  and  large  diameter  y\  then,  Ax~  By  =  Cy  —  Dx. 

Example.— In  a  shaft,  the  cage  weighs  2  tons,  the  empty  car  1  ton,  the 
loaded  car  2  tons,  and  the  rope  2  tons.  What  should  be  the  small  diameter  of 
a  conical  drum  whose  large  diameter  is  30  ft.? 

(2  +  2  +  3)a;  -  (2  +  1)30  =  (2  +  3)30  -  (2  +  2  +  l)x, 
or  735  —  90  =  160-525. 

.-.     12  a;  =  240, 
x  =  20  ft. 

To  Find  the  Slie  of  tho  Hoisting  Engine.— Let  D  =  diameter  of  cylinder, 
P  —  mean  effective  steam  pressure  in  cylinders,  r  —  ratio  of  stroke  to  diam- 
eter of  cylinder,  and  w  =  work  per  revolution  required  to  be  done;  then,  by 
making  one  cylinder  capable  of  doing  the  work,  n  ^  number  of  strokes, 
u  =  work  per  minute  (ft.-lb.). 


Z,=l.^^'^,orD  =  ^-^ 
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Example.— What  should  be  the  size  of  the  cylinders  of  a  hoisting  engine 
that  is  to  perform  152,580  ft.-lb.  of  work  per  revolution,  if  the  mean  effective 
pressure  is  45  lb.  per  sq.  in.  and  the  stroke  of  the  piston  is  twice  its  diameter  ? 

Ii52;580 


To  get  up  speed  in  a  few  seconds,  more  power  than  would  be  represented 
by  the  load  to  be  lifted  is  required.  Mr.  Percy  gives  the  following  rule  for 
this  case:  In  a  properly  balanced  winding  arrangement,  with  uniform  load, 
multiply  the  weignt  of  coal  in  pounds  by  the  average  speed  of  the  cage  in 
feet  per  minute;  add  one-half  to  cover  the  frictional  resistances,  and  call 
that  the  toad.  Then  the  power  that  must  equal  this  must  be  the  average 
effective  pressure  of  steam  in  pounds  per  square  inch  on  the  piston,  multi- 
plied by  the  area  of  one  cylinder  in  square  inches,  and  multi|med  again  by 
the  average  speed  of  the  piston  in  feet  per  minute. 

Approximately,  the  average  effective  pressure  of  steam  will  be  two-thirds 
of  the  pressure  shown  on  the  gauge  near  the  engines.  A  good  average  piston 
speed  18  400  ft.  per  minute. 

To  Find  the  Actual  Horsepower  of  an  Engine  for  Hoisting  Any  Load  Out  of  •  Shaft 
at  a  Given  Rate  of  Speed  —To  the  weight  of  the  loaded  car  add  the  weight  of 
the  rope  and  cage.    This  will  give  the  gross  weight. 

my,„    rr   p    _  gross  weight  in  lb.  X  speed  in  ft.  per  minute      , .  ,  , 
inen,  u.  r. ^^  -;  add*  for 

contingencies,  friction,  etc. 

Example.— Having  a  shaft  600  ft.  deep,  gross  weight  of  load  20,000  lb.,  to 
be  hoisted  in  li  minutes,  what  horsepower  is  required? 
20  000  y  400 

^-  ^'  ""  '33^000  =  243  H.  P.,  nearly.  To  which  add  ♦  for  contingen- 
cies, and  we  have  324  H.  P. 

In  a  shaft  with  two  hoistways,  use  the  net  weight  +  the  weight  of  one 
rope,  instead  of  the  gross  weight. 


The  following  rules  regarding  winding  engines  are  given  by  Percy: 
^  1.  To  Find  the  Load  That  a  Given  Pair  of  Direct-Aoting  Enginea  Will  Start 
Multiply  the  area  of  one  cylinder  by  the  average  pressure  of  the  steam 
per  square  inch  in  the  cylinder,  and  twice  the  length  of  the  stroke.  Divide 
this  by  the  circumference  of  the  drum,  and  deduct  i  for  friction,  etc. 
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Kx  AMPLE.— Oiven  a  pair  of  engines,  cylinders  20  in.  diameter  by  40  in. 
stroke,  the  dram  12  ft.  diameter,  and  the  pressure  at  steam  gauge  50  lb., 
sleam  cut-off  at  |,  average  pressure  of  steam  in  cylinder  48.2  lb. 

Then,  area  of  cylinder  =  314.16  sq.  in.    314.16  X  48.2  X  80  =  1,211,400.96. 
The  circumference  of  the  dram  —  452.4  in.  1,211,400.96  -*-  452.4  «  2,677, 
I  of  2,677  =  1,784  lb.,  or  the  net  load. 

The  srross  load  would  include  the  weight  of  rope,  cage,  and  car,  but  as 
these  are  balanced  by  the  descending  rope,  cage,  and  car,  the  net  load  only 
is  found.    The  drum  mentioned  is  cylindrical. 

2.  Knowing  tht  Lotd  and  tbt  Olametir  of  •  Cylindriosl  Drum,  ond  tbo  Longth  of 
Stroke,  ftn  Cat-off  and  Pressure  of  Steem  et  Steam  6auge,  to  Find  tho  Area  and 
Dinmetsr  of  Cylinders  of  o  Pair  of  Olroot-Aoting  Engines.— Multiply  the  load  by 
the  circumference  of  the  dram,  and  add  one-half  for  fWction,  etc.  Divide 
this  by  the  mean  average  steam  pressure,  multiplied  by  twice  the  length  of 
the  stroke. 

Example.— Having  the  drum  10  ft.  in  diameter,  the  stroke  6  ft.,  the  steam 
pressure  at  gauge  60  lb.,  the  cut-off  at  |  of  stroke,  and  the  load  5  tons,  or 
11,200  lb. 

Then  11,200  V  81.416  (circumference  of  dram)  =  351,859.  351,859  +  i  of 
351,859  (or  175,990)  =  527,789. 

The  mean  average  pressure  =»  67.8  lb.  57.8  X  (6  X  2)  =  693.6.  527,789 
-^  693.6  =  761  sq.  in.,  area  of  piston. 

761  -i-  .7854  =  969.  1^969  =  31.13  in.,  or  diameter  of  cylinder. 
3  To  Find  the  Approximate  Period  of  Winding  on  a  Cylindrical  Drum  Witli  a  Pair 
of  Dlr«ot-Aoting  Engines.— Assume  the  piston  to  travelat  an  average  velocity  of 
400  ft.  per  minute,  and  divide  this  by  twice  the  length  of  the  stroke,  and 
multiply  by  the  circumference  of  the  drum.  This  gives  the  speed  of  cage  in 
feet  per  minute.  Divide  the  depth  of  shaft  by  this,  and  the  result  will  be  the 
period  of  winding. 

£x AMPLE.— Drum,  31.416  ft.  circumference;  stroke,  6  ft.;  depth  of  shaft, 
1,500  ft. 

Then,  400  -M2  =  83.33.  33.33  X  31.416  =  1,047.1.  1,500  --  1,047.1  =  1.43 
min.,  or  about  1  min.  26  sec. 

4.  To  Find  tlie  Useful  Horsepower  During  a  Winding.— Multiply  the  depth  of 
shaft  by  net  weight  raised;  divide  this  by  number  of  minutes  occupied  in 
winding,  and  divide  again  by  33.000. 

Example.— Net  weight,  2  tons  ^-  4,4801b.;  depth,  1,500  ft.;  period  of  wind- 
ings, 1.43  minutes. 

Then,  4,480  X  1,500  =  6,720,000.  6,720,000  -r- 1.43  =  4,699,301.  4,699,301 
^  33,000  =  142+  H.  P.  

HEAD-FRAMES. 

Head-frames  are  built  of  wood  or  steel,  and  some  of  the  typical  forms  are 
shown  on  pages  275  and  276.  They  vary  in 
height  firom  30  to  100  ft.,  depending  on  local 
conditions. 

The  inclined  leg  of  a  head-fhime  should  be 
placed  so  as  to  take  up  the  resultant  strain  due 
to  the  load  hanging  down  the  shaft  and  the 
pull  of  an  engine.  Fig.  4  shows  the  graphical 
method  of  determining  the  direction  ana  mag- 
nitude of  this  resultant  force.  Produce  the 
direction  of  the  two  portions  of  the  rope  lead- 
ing to  the  dram  and  down  the  shaft  until 
they  intersect  at  (?,  measure  off  a  distance  O  K 
to  scale  to  represent  the  load  hanging  down  the 
shaft;  similarly,  measure  off  OH  to  the  same 
scale  to  represent  the  pull  of  the  engine,  com- 
plete the  parallelogram  GHL  A":  the  direction 
of  the  line  O  L  represents  the  direction  of  the 
resultant  force,  and  its  length  represents  the 
amount  of  this  force.  The  inclined  leg  of 
the  head-ft-ame  should  be  placed  as  nearly  as 
possible  parallel  to  this  resultant  line,  and 
should  be  designed  to  withstand  a  compressive 
Strain  equal  to  this  resultant. 

Heed-abeaves  are  made  of  iron,  being  sometimes  entirely  cast,  or  else  the 


Fig.  4. 
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rim  and  hub  are  cast  separately  and  wrought-iron  spokes  are  used.  The 
former  are  cheaper  and  quite  satisfSGictory,  but  the  latter  are  lighter  and 
stronger,  and  therefore  usually  better.  The  diameter  of  the  sheave  depends 
on  the  diameter  of  the  rope,  and  the  table  giving  this  will  be  found  on 
page  120.  The  groove  in  the  sheave  should  be  wood-lined,  to  reduce  wear 
on  the  rope.  Wrought-iron  spokes  should  be  staggered  in  the  hub  and  not 
placed  radially. 

Guides  snd  oonduotors  are  usually  of  timber  rigidly  attached  to  the  sides  of 
a  shaft.  In  England  and  certain  parts  of  Europe,  wire  ropes  are  used  for  guides 
and  are  strongly  advocated,  but  they  have  never  found  favor  in  America. 
These  ropes  when  used  are  weighted  at  the  bottom,  and  Percy  gives  1  ton 
for  each  600  ft.  in  depth  for  each  wire  as  a  good  weight  to  be  used.  When 
not  thus  weighted,  the  ropes  are  fastened  at  the  bottom  and  attached  to 
levers  at  the  top,  the  levers  being  weighted  to  produce  the  requisite  tension. 

Safety  ostohes  usually  consist  of  a  jpair  of  toothed  cams  placed  on  either 
side  of  the  cages  and  enclosing  the  guides.  When  the  load  is  on  the  hoisting 
rope«  these  cams  are  kept  away  from  the  guides  by  suitable  springs;  but  if 
the  rope  breaks,  the  springs  come  into  action  and  throw  the  catches  or 
dogs  so  that  they  grip  the  guides,  and  the  tendency  to  fall  increases  the 
grip  on  the  guides. 

Dstaohing  nooks  are  devices  that  automatically  disconnect  the  rope  ftom 
the  cage  in  case  of  overwinding. 


HAULAGE. 

The  magnitude  of  modem  mines  and  the  practice  of  loading  or  of  treating 
the  coal  or  ore  at  a  large  central  station  mfikes  the  underground  haulage  of 
the  material  one  of  the  most  important  problems  in  connection  with 
mining.  A  good  haulage  system  is  now  essential  to  make  most  mines  a 
commercial  success.    Haulag:e  may  be  considered  under  the  following  heads: 

1.  Inclined  Roads.— Gravity  planes,  engine  planes. 

2.  Levd  Roads.— l&ule  haulage,  rope  haulage  (tail-rope  and  endless  rope), 
motor  haulage  (steam,  electricity,  compressed  air,  or  gasoline). 

Gravity  Pianos.— The  loaded  car  or  trip  hauls  the  empty  car  up  the  grade. 
Two  ropes  are  attached  to  a  drum  so  that  the  rope  attached  to  the  loaded 
car  unwinds  ttom  the  drum  as  the  car  de- 
scends, while  the  rope  attached  to  the  empty 
car  is  wound  on  the  drum  and  the  car  thus 

Afar/>«,fa/ ~~      hauled  up  the  plane.    The  natural  slope  of 

^^**"™  the  ground,  in  a  lar8:e  measure,  determines 

Fio.  5.  the  grade  of  the  incline,  but  where  it  is  pos- 

sible to  alter  the  direction  of  the  incline, 
the  grade  may  be  lessened  by  constructing  the  incline  across  the  slope  of 
the  ground.  The  grade  of  the  incline  may  be  increased  by  carrying  the 
upper  landing  forwards  till  a  point  is  reached  from  which  the  required 
grade  is  obtfdned. 

The  following  rule  gives  suggestions  based  on  practice  that  has  been 
successful:  For  lengths  not  exceeding  500  ft.,  the  minimum  grade  for  the 
incline  should  be  5^  when  the  weight  of  the  descending  load  is  8,000  lb.  and 
that  of  the  ascending  load  2,800  lb.  Or  the  inclination  should  not  be  less 
than  5i4  if  the  respective  descending  and  ascending  loads  are  one>half  of 
those  just  ffiven.  When  the  length  of  the  plane  is  from  500  to  2,000  ft.,  the 
grade  should  be  increased  from  5^  to  10^,  according  to  the  loads.  A  load 
of  4,000  lb.  on  a  10;«  ^ade  2^)00  ft.  long  will  hoist  a  weight  of  1,400  lb. 

The  angle  of  inertia  is  that  angle  or  inclination  at  which  a  cat  will  start  to 
move  down  the  slope  or  plane.  The  car,  when  it  has  once  started  on  this 
grade,  will  continue  to  accelerate  its  speed  as  it  descends  the  plane  A  B, 
Fig.  5.  If  we  decrease  the  angle  of  inclination  until  the  plane  A  B  occupies 
the  ix>sitlon  A  C,  such  that  the  moving  car  will  continue  to  move  at  a 
uniform  velocity  instead  of  accelerating  its  speed,  the  angle  D  C  A  will  be 
the  angle  of  rolling  friction,  and  the  tangent  of  this  angle  will  be  the  coeffvctent 
of  roUing  friction  for  the  car. 

The  upper  portion  of  a  plane  is  made  steeper  than  the  lower  portion  so 

that  the  trip  may  start  quickly  at  the  head  and  afterwards  maintain  a 

uniform  velocity.    With  a  good  brake  to  control  the  cars,  the  uniform  grade 

*  a  central  portion  of  a  gravity  plane  should  not  fall  much  below  3®,  which 

responds  practically  to  a  5i^  grade. 


HAULAGE.  JW 

Xlie  accdercUion/of  the  haulage  system  is  given  by  the  formula 

wlier-e  pi  and  pa  are  the  descending  and  ascending  pulls,  respectively. 
Tlie  length  o/steqp  pitch  is  given  by  the  formula 

i-=  ^. 
2/' 

Avlaere  v  =  velocity  at  which  the  trip  is  desired  to  run. 

The  maximum  tension  or  pull  on  the  rope  which  may  occur,  if  it  is  required 
to  liaul  the  loaded  trip  up,  is 

r=  {W-\-wl)eina  -\-{W-]-wl)  cosax^i, 

-wliere  W  =  weight  of  loaded  trip;  w  I  =  weight  of  rope;  a  =  slope  angle; 
fjL  =  coefficient  of  friction. 

;Ex  AMPLE.— Find  the  possible  tension  of  a  rope  used  to  lower  a  loaded  trip 
of  two  cars  upon  a  plane  800  ft.  long,  having  a  uniform  grade  of  5^  at  a 
speed  of  20  miles  per  hour,  using  a  factor  of  safety  of  10,  and  letting  /*  =  ^, 
tile  empty  cars  weighing  1,000  lb.  each  and  carrying  a  load  of  2,000  lb.  each. 

Assuming  w  =  .88  lb.,  T  =  (6,000  -f  .89  X  800)  (.05  +  .04994)  =  671  lb. 

To  find  the  nuieber  of  oart  that  must  ron  in  a  trip  on  a  self-acting  inclina,  use 
tYxe  formula 

(40  sin  o  +  cos  a)  W^ 

~  (40~5iror-^cos'o)  Wi  — ~(^~sin  aT^os^)  W^ 

in  which  N  =  number  of  cars;  a  =  angle  of  inclination  of  plane;  Wi 
=  weight  in  pounds  of  one  loaded  car;,  W\  =  weight  in  pounds  of  one 
empty  car;  Wg  =  weight  in  pounds  of  haulage  rope;  ^  =  coefficient  of 
friction. 

Example.— A  gravity  plane  has  an  inclination  of  8°;  it  is  2,000  ft.  long,  the 
rope  weighs  4,000  lb.,  a  loaded  car  weighs  3,000  lb.,  and  an  empty  car  weighs 
1,800  lb.    What  number  of  cars  must  be  in  the  trip  to  start  it? 

Substituting  values  in  the  above  formula,  we  have 

(40  X  .13917  -f_.99027)4,000_  ^ 

(40  X  .13917  —  .99027)  3,000-  (40  X  .13917  +  .99027)1,800  * 

Ensina  Planaa.— With  an  engine  plane,  the  load  is  delivered  at  the  foot  of 
the  plane  and  has  to  be  hoisted.  The  engine  may  be  either  at  the  top  or  the 
bottom.  The  grade  of  the  plane  is  usually  uniform  from  top  to  bottom,  and 
there  may  be  a  single  track,  a  double  track,  or  three  rails  with  a  turnout. 

Size  of  Engines  Required  tor  Engine-Plane  Haulage.— (a)  Engine  at  Head  of 
Plane,  Single  Tmc*.— Calling  the  load  on  the  engine  or  the  tension  of  the 
rox>e  at  the  winding  drum  T,  the  weight  of  the  ascending  loaded  trip  TT,  the 
weight  of  the  rope  per  lineal  foot  w,  and  the  length  of  the  plane  I,  the  angle 
of  inclination  or  the  slope  angle  being  a,  as  before,  we  have 

T  =  ( W-\-wl)  (sin  a  +  ft  cos  a). 

Assume  an  approximate  value  for  nv,  and  determine  T  approximately. 
The  size  of  rope  required  for  this  load  is  then  obtained  fh)m  the  table  for 
haulage  ropes,  and  with  this  new  value  of  w,  the  correct  load  on  the  engine 
is  calculated. 

Example.— What  size  of  rope  will  be  required  to  haul  up  an  incline  a 
loaded  trip  of  10  mine  cars  weighing  1,000  lb.  each,  and  carrying  a  load  of 
2,000  lb.  each,  the  inclination  of  the  plane  or  the  slope  angle  being  16°  and 
its  length  500  yd.,  assuming  for  the  coefficient  of  friction  /n  =  jiff  ? 

W  =  30,000  lb.,  andassumingw;  -  .89  lb.,  W-{wl  =  30,000  -f  (.89  X  1,500) 

=  31,335  lb.    Sin  a  +  ^-^-^  =  .27564  +  '^}^-  =  .29967.    Hence,  T  =  31,320  X 
'  40  40 

.29967  =  9,394  lb.  To  provide  against  shock,  we  double  the  load  or  pull  on 
tl>o  rope  in  calculating  the  size  of  rope  required;  thus,  9,394  X  2  =  18.788  lb., 
and  using  a  factor  of  safety  of  6,  we  have  for  the  breaking  strain  of  the  rope 

IX  788  V  6 

AftT     =  ^"7  tons.     In  the  table  of  wire  ropes,  a  IM/  plow-steel  rope 
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S resents  a  breaking  strain  of  56  tons.    Since  a  1}''  rope  weig^hs  2  Ib._per 
neal  foot,  we  have  W  -^  wl  =  30,000  +  (2 X  1,500)  =  33,000  lb.    Then  T  = 
33,000  X  .29967  =  9,889  lb. 

(&}  Enffine  at  Head  of  Incline,  Double  Track.— The  load  on  the  engine 
equals  the  difference  between  the  gravity  pulls  of  the  ascending  and 
descending  trips,  including  the  rope,  plus  the  mction  pull  of  both  the  trips 
and  one  rope,  snce  there  is  only  one  rope  on  the  plane  at  any  time.  Calling 
the  weight  of  the  ascending  trip  W,  as  belbre,  and  that  of  the  descending 
trip  Wu  we  have  for  the  difiierence  of  the  gravity  pulls  when  the  loaded  trip 
is  at  the  foot  of  the  incline,  (W—Wi-^wi^^na,  and  for  the  fHction  pull  of 
the  entire  moving  system  (W  +  Wi  +  wl)  ft.  cos  a,  and  L  =  (W—Wi  +  wl) 
sina  -{-{W  +  Wi  +  wl)  fi  cos  a. 

Assuming  the  same  conditions  as  given  in  the  example  of  the  preceding 
paragraph,  we  have  for  the  load  L  on  the  engine,  X  =  [10  x  2,000  +  2  x 

1,500]  .27564  +  [10  X  (3,000  +  i;000)  +  2  X  1,500]  X  ~^  =  23,000  X  .27564 

+  43,000  X  .02403  =  7,373  lb.  instead  of  9,394,  the  unbalanced  load  for  single 
track. 

(c)  Enffine  at  Foot  of  Incline.— The  load  on  the  engine  is  the  same  as  in 
(a),  except  that  the  gravity  pull  is  the  pull  due  to  the  weight  of  the  loaded 
cars  only,  the  weight  of  the  ascending  rope  being  balanced  by  the  descend* 
ing  rope,  while  the  faction  pull  is  increased  by  the  friction  of  the  descend- 
ing rope.    Calling  the  load  on  the  engine  L,  as  before,  we  have,  in  this  case, 

L  =  W  ein  a  +{W  +  2w  I)  II  cos  a. 

Assuming  the  conditions  of  the  previous  example  and  calculating  the 
load  on  the  engine  for  this  case,  we  have  L  ==  30,000  X  .27564  +  [SOjOOO  + 
2(2  X  1,500)]  .02i03  =  9,134  lb. 

To  Find  the  Horsepower  of  an  Engine  Required  to  Hoist  a  Given  Load  Up  a  Slagle- 
Track  inoiine  in  a  Given  Time.— Multiply  the  length  of  the  incline  in  feet  by  the 
natural  sine  of  the  angle  of  inclination,  which  will  give  you  the  vertical  lift. 
Divide  the  vertical  lift  by  the  given  time  in  minutes.  Multiply  this  by  the 
gross  load,  including  weight  of  rope,  and  divide  the  product  bv  33,000. 

Example.— Length  of  incline,  600  ft.;  angle  of  Inclination,  35°;  weight  of 
loaded  car  and  600  ft.  of  rope,  5,000  lb. ;  time  of  hoisting,  2  minutes.  Required, 
the  horsepower. 

Sine  of  35°  =  .573576.  .573576  X  600  =  344.1456.  344.1456  -5-  2  =  172.728. 
172.728  X  5,000  _  or  .  ti   P 

Add  from  25?^  to  50^  for  contingencies,  friction,  etc.  In  mine  practice,  50j< 
is  not  any  too  much  to  add,  because  the  condition  of  track,  cars,  etc.,  is  not 
as  good,  as  a  general  rule,  as  on  railroad  planes. 

To  Find  the  Horsepower  of  an  Engine  Required  to  Hoist  a  Given  Load  Up  a  Double. 
Tracic  Inoiine  in  a  Given  Time.— Proceed  as  above,  using  the  net  load,  to  which 
should  be  added  the  weight  of  one  rope,  instead  of  the  gross  load. 
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The  taii-rope  system  of  haulage  uses  two  ropes  and  a  pair  of  drums  on  the 
same  shaft.  The  main  rope  passes  from  one  drum  directly  to  the  front  of  the 
loaded  trip,  and  the  tail-rope  passes  from  the  other  drum  to  the  large  sheave 
wheel  at  the  end  of  the  road  and  back  to  the  rear  of  the  loaded  trip.  While 
hauling  the  loaded  trip,  the  drum  on  which  the  tail-rope  is  wound  is  allowed 
to  turn  freely  on  its  journal  by  throwing  its  clutch  out,  while  the  engine 
turns  the  other  drum.  When  the  empty  trip  is  being  hauled,  the  clutch  on 
the  main-rope  drum  is  thrown  out  and  the  one  on  the  tail-rope  drum  is 
thrown  in.  The  engine  then  turns  the  tail-rope  drum  and  allows  the  other 
one  to  pay  out  rope  as  the  trip  advances. 

The  tail-rope  system  is  suitable  for  steep,  circuitous,  and  undulating 
roads.  The  tnp  can  be  kept  stretched  at  all  points,  and  thus  the  cars  will 
be  prevented  from  bumping  together  or  from  being  ierked  apart  as  the  trip  is 
passing  over  changes  in  the  grade.  It  is  undoubtealy  the  most  satisfactory 
system  of  rope  haulage  under  the  natural  conditions  of  most  haulage  roads 
in  mines,  and  especially  so  where  but  one  road  is  available  fornaulaire 
purposes.  ^ 
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CALOULATION    OF  THE   TENSION    OF    HAULINQ    ROPE. 

T  =  tensioii  or  pull  upon  rope  (lb.). 

W  =  weight  of  loaded  trip  (lb.). 

w  =  weight  of  rope  per  lineal  foot  (lb.). 

I    =  length  of  two  ropes;  equeds  2  times  the  distance  fh>m  winding 
drum  to  tail-sheave  (ft.). 

d  =  vertical  drop  of  rope  (ft.). 

a   =  slope  angle  of  maximum  grade. 

T  =»  Tr(8ina  +  /ico8o)+u?(di-/i0- 
Example.— What  size  of  steel  wire  rope  will  be  required  to  haul  a  trip  of 
20  mine  cars,  the  weight  of  the  loaded  cars  being  3,000  lb.  each,  the  depth  of 
tlie  shaft  300  ft.,  and  the  distance  from  the  foot  of  the  shaft  to  the  tail-sheave 
900  yd.,  the  maximum  grade  in  this  haulage  being  10^,  ft  "«  ^?  Assuming 
a  J''  rope,  weighing  .89 lb.  per  lineal  ft. 

T  =  60,000  (.17366  +  ^~?\  +  .80  (sOO  +  ^~)  =  say  12,300  lb.,  or  some- 
what over  6  tons. 

Referring  to  the  tables  for  steel  haulage  ropes  with  6  strands  of  7  wires 
each,  we  find  the  breaking  strain  of  a  I''  rope,  weighing  .89  lb.  per  lineal  ft., 
is  18.6  tons,  which  will  give  a  factor  of  safety  of  about  3.  We  would,  however, 
use  a  V  or  even  a  1"  rope,  as  a  change  of  ropes  would  then  be  required  less 
often.  Making  the  necessary  corrections  for  V  rope  weighing  1.58  lb.  per 
lineal  ft.,  T  =  12,607  lb. 

The  endless-rope  system  uses  an  endless  rope,  which  is  kept  running  con- 
tinuously by  a  pair  of  drums  geared  together  and  set  tandem.  The  drums 
are  comparatively 
narrow  and  provided 
with  grooves  for  the 
rope  to  run  in.  Two 
drums  are  necessary 
to  get  sufficient  fric- 
tion to  drive  the  rope 
when  the  trip  is  at- 
tached to  it.  The 
rope  is  passed  around 
both  drums  a  num- 
ber of  times,  depend- 
ing on  the  amount  of 
friction  desired, 
without  completely 
encircling  either.  It 
then  passes  to  a  ten- 
sion wheel  at  the  rear 
of  the  drums  and 
thence  to  the  sheave 
wheel  at  the  far  end 
of  the  road  and  back 
to  the  drums.  To  be 
used  to  best  advan- 
tage, this  system  re- 


FiG.  6. 


quires  that  the  grade  be  in  one  direction  and  that  it  be  necessary  to  haul  cars 
from  a  number  of  places  en  route.  The  cars  are  attached  to  the  rope  by 
friction  grips  in  a  manner  quite  similar  to  the  way  in  which  street  cars 
are  attached  to  cable  lines.  It  is  evident,  therefore,  that  any  Jerking  due 
to  the  cars  bumping  together  or  stretching  the  hitchings  would  seriously 
injure  the  rope  where  the  grip  takes  hold.  A  double  road  is  an  essential 
feature  of  endless-rope  haulage. 

The  endless-rope  system  of  haulage  is  best  adapted  to  roads  presenting  a 
fairly  uniform  grade,  particularly  when  the  trips  are  not  spaced  at  fairly  regu- 
lar intervals  along  the  road.  Owing  to  delays  in  the  delivery  of  the  cars  by  the 
drivers  and  to  irregularity  in  unloading  at  the  tipple,  it  is  practically  im- 
possible to  have  the  several  trips  regularly  spaced,  and  in  consequence  the 
load  on  the  engine  varies  greatly.  In  order  to  take  up  any  elongation  of  the 
rope  due  either  to  change  in  temperature  or  to  stretching,  some  form  of 
balance  car  or  balance  weight  is  used.  This  weight  should  be  sufficient  to 
keep  the  empty  rope  taut,  and  any  tendency  of  the  rope  to  slip  on  tht 
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winding  drum  may  be  overcome  by  increasing  the  weight  in  the  bal- 
ance car. 

Fig.  6  shows  a  device  for  working  a  district  haulage  by  connecting  it  with 
the  main  haulage.  The  main  rope  makes  one  or  two  complete  turns  around  a 
fleet  wheel  located  at  the  mouth  of  each  district,  and  then  continues  on  its 
course.  This  fleet  wheel  d  is  directly  connected  with  the  driving  sheave  m 
for  the  district  by  means  of  beveled  gears  g,  h,  as  shown.  The  diiying 
sheave  m  is  thrown  in  or  out  of  gear  by  levers  o  and  a. 

Te  Determine  the  Friction  Puli  on  an  Endless-Rope  Haurage.— Let 

0  =  output  (lb.  per  min.);  wi  =  weight  of  mine  car  (lb.); 
V  =  speed  of  winding  (ft.  per  min.);    w  =  weight  of  rope  (lb.); 

1  =  length  of  haulage  road  (ft.);  T  =  load  on  the  rope  (Id.); 
c  =  capacity  of  mine  car  (lb.);  /ui  =  coefficient  of  friction. 

'  —  =  weight  of  material  in  transit; 

2  —  wi  =  weight  of  moving  cars,  loaded  and  empt^'; 

V  c 

21  w  =  weight  of  rope; 
—  (l  +      -  J+  ^wl  =  entire  moving  load. 
And  if  the  coefficient  of  friction  equals  ^, 

Example.— Find  the  horsepower  for  an  endless-rope  system  5,000  ft.  long 
for  an  output  of  1,000  tons  per  day  of  10  hours  in  a  flat  seam,  the  mine  cars 
having  a  capacity  of  2,000  lb.  each  and  weighing  1,200  lb.  each. 

Assuming  a  speed  of  winding  of  8  miles  per  hour  or  704  ft.  per  minute,  and 
for  the  coefficient  of  friction  ft  =  ^g, 

r=  a[5^'^'^(i+?|^^)  +  2x1.58X5,000]  =  1.697,  say  1.700  lb. 

assuming  an  efficiency  for  the  engine  of  60jf ,  -^-  =  60  H.  P. 

Inclined  Roads.— The  calculation  of  power  for  inclined  roads  is  the  same  as 
that  just  given,  excepting  that  the  work  due  to  lifting  the  coal  through  a 
height  h  must  be  added  to  that  found  by  the  previous  formulas.  If  h  equals 
the  elevation  due  to  the  grade  of  the  incline,  the  additional  work  of  the 
engine  due  to  hoisting  the  load  ftx)m  this  elevation  will  be  O  A  and  the 
total  work  per  minute  u  will  be 


-  fil 


Fo^lH-?^)  +2wv^-\-0h. 


Example.— Assuming  the  same  conditions  as  given  above,  and,  in  addi- 
tion, a  rise  or  elevation  of  100  ft.  in  the  entire  length  of  the  haulageway,  we 

have     u  =  ^[3,333(1  +  -|^)  +  2  X  1.58  X  70*]  +  3,333  X  100 

=  1,528,050  ft.-lb.  per  minute  =  46.3  H.  P.,  or  assuming  an  efficiency  of  OOji 

for  the  engine,  -^  =  77  H.  P. 

MOTOR   HAULAGE. 

Locomotive  Haulage.— Wire-rope  haulage  is  very  efficient  in  headings,  on 
heavy  grades,  and  against  large  loads,  but  in  crooked  passages  it  entails  great 
costs  for  renewals  and  repairs.  When  the  grades  do  not  exceed  5^  for  Mort 
distances  and  average  34  against,  or  for  short  distances  8^  and  ^  average  in 
'avor  of  loads,  locomotives  have  been  found  the  most  economical  form  of 
lulage. 
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The  chief  advantages  of  locomotive  over  rope  haulage  are  the  flexibility 
of  the  svstem,  it  beine  able  to  serve  any  number  of  side  tracks  in  various 
picurtsof  the  mine,  and  the  closeness  of  the  source  of  power  to  the  point  of 
Application.  In  the  event  of  an  accident  due  to  a  car  jumping  the  track,  a 
broken  wheel,  etc.,  it  often  happens  that  a  large  numb^  of  cars  are  piled  up 
l>efore  the  man  in  charge  outside  the  mine  is  ugnaled  to  stop,  whereas  with 
locomotive  haulage  the  engineer  or  trip  rider  affords  immediate  relief. 

In  high  seams  and  under  fiavorable  conditions,  steam  locomotives  are 
^ery  economical,  but  there  is  a  limit  to  their  use,  for  it  is  not  well  to  fire 
labile  running  in  the  mine  when  using  bituminous  coal;  hence  the  length 
of  trip  is  practically  limited  to  the  steam  fUmished  with  one  firebox  of  fuel. 
On  account  of  their  many  disadvantages  and  of  the  improvements  in  the 
methods  of  u^ng  other  forms  of  energy,  steam  locomotives  are  fast  goine 
out  of  use  and  are  being  replaced  by  locomotives  operated  by  compressed 
air  and  electricitv,  of  which  a  number  of  types  have  been  designed  in  recent 
years,  and  wlucn  have  been  very  successml  and  have  shown  a  marked 
efficiency  over  the  mule. 

Compressed -Air  H8Uiag0.'-(See  also  page  194.)  Compressed  air  is  particularly 
applicable  in  gaseous  mines,  as  it  improves  ventilation  and  is  perfectly  safe 
under  all  conditions.  The  great  disadvantage  in  compressed-air  haulage  is 
the  size  of  the  locomotive. 

Mr.  H.  K.  Myers,  of  the  Baldwin  Locomotive  Works,  gives  the  following 
in  regard  to  compressed-air  haulage: 

In  order  that  compressed-air  locomotives  may  be  able  to  make  a  fair 
length  of  run,  the  tanks  for  storage  purposes  must  necessarily  be  rather 
cumbersome,  and  constructed  to  carry  high-storage  pressures.  In  order  that 
they  may  be  designed  correctly  and  get  a  minimum  of  storage  for  the 
maximum  work  expected,  it  is  necessary  to  have  a  complete  profile  of  the 
proposed  haulage  road,  and  to  make  a  tabulated  statement  or  the  air  con- 
sumption on  the  various  grades,  noting  the  *  *  cut-oflf "  necessary  to  produce  the 
requisite  tractive  effort.  By  making  a  summation  of  these  various  amounts, 
and  adding  209»,  we  will  have  the  i)ossible  amount  of  air  used  in  doing  cer- 
tain work  as  specified. 

It  is  necessary,  therefore,  to  provide  storage  on  the  locomotive  for  this 
amount  of  air  at  a  much  arreater  pressure  than  that  used  in  the  cylinders. 
In  order  that  the  locomotive  may  receive  a  quick  charge  at  the  stations 
specially  provided  for  the  purpose,  it  is  necessary  to  have  stationary  storage 
of  adequate  pressure  and  capacity  for  the  purpose. 

At  the  present  time,  it  is  the  custom  to  compress  for  the  stationary  storage 
to  800  lb.,  and  to  have  the  volume  of  this  storage  at  least  double  the  tank 
capacity  of  the  locomotives  comprising  the  system.  This  allows  an  equalized 
pressure  in  the  locomotive  storage  of  approximately  600  lb. 

The  following  formula  is  useful  in  determining  the  capacity  of  stationary 

storage:  P'  =  —y,   y~'  ^"  which  V  =  volume  of  storage  on  locomotive; 

X  =  volume  of  stationary  storage  desired;  p  =  cylinder  pressure;  P  = 
stationary  storage  pressure:  and  P'  =  locomotive  storage  pressure. 

If  the  average  time  for  each  trip  is  30  minutes,  the  compressor  must  be 
able  to  compress  in  that  time  to  pressure  P,  the  calculated  amount  of  air 
required  for  one  trip  or  series  of  trips  for  the  various  locomotives  included 
in  the  haulage.  In  general,  it  is  customary  to  extend  extra-strong  pipe  into 
the  mine  and  of  such  length  and  diameter  as  to  have  the  required  volume 
for  the  stationary  storage.  There  are  times  however  when  it  would  be  found 
more  economical  to  arrange  for  tank  storage  either  inside  or  outside  the 
mine,  but  in  general,  especially  when  the  mine  is  advancing,  it  is  the  better 
practice  to  install  pipe  storage  since  it  increases  the  range  of  the  locomotive 
as  the  working  advance. 

The  following  table  gives  the  various  tractive  efforts  of  different  sizes  of 
compressed-air  locomotives,  when  working  at  100  lb.  cvlinder  pressure,  and 
various  cut-oflfe.  If  other  pressures  or  strokes  are  used,  the  tractive  eflbrts 
are  directly  proportionate.    This  table  is  calculated  by  means  of  the  formula, 

tractive  effort  =    -  rf  ^J 

in  which  d  =  diameter  of  cylinder:  D  =  diameter  of  driver;  I  =  length  of 
stroke;  p  =  working  pressure  of  the  cylinders;  and  «  ^  variable  due  to  the 
various  cut-offs,  o 
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Tractive  Efforts  of  Coicpressbd-Air  LocoMomm. 


Cylinder. 


Diam. 

Stroke. 

Inches. 

Inches. 

5 

10 

6 

10 

7 

12 

8 

12 

9 

14 

10 

14 

11 

16 

12 

16 

Diam- 
eter of 
Driver. 

Inches. 


Weight 

on 
Driver. 

Pounds 


24 
24 
26 
26 
26 
26 
28 


6,000 
8,500 
13,000 
18,000 
25,000 
32,000 
42,000 
52,000 


Tractive  Effort  for  Each  100-Lb.  Cylinder 
Pressure  at  Various  Cut-OflTs. 


1,020 
1,470 
2,200 
2,880 
4,340 
5,280 
6,770 
8,050 


1,425 
2,150 
2,750 
4,140 
5,150 
6,450 
7,800 


920 
1,320 
1,990 
2,600 
3,840 
4,740 
5,980 
7,200 


835 
1,200 
1,810 
2,360 
3,490 
4,310 
5,440 
6,550 


710 
1,020 
1,540 
2,000 
2,960 
3,660 
4,620 
5,580 


530 
760 
1,140 
1,510 
2,220 
2,680 
3,470 
4,150 


445 
700 
900 
1,350 
1,670 
2,140 
2,550 


On  account  of  certain  losses  due  to  radiation,  etc.  for  cut-off  at  fVilI  length 
of  stroke  in  steam  practice,  x  is  taken  as  .85.  While  cylinder  surface  acts  as 
a  detriment  to  the  use  of  steam,  it  acts  entirely  opposite  in  the  use  of  air, 
for  the  reason  that,  in  the  expansion  of  the  air,  very  low  temperatures  are 
produced,  and,  with  a  maximum  of  cylinder  surface  exposed,  we  absorb  a 
maximum  of  heat  ftrom  the  surrounding  air.  which  virtually  adds  new 
energy  to  the  air,  thus  acting  as  a  reheater.  Therefore  in  air  practice,  z  is 
made  .98  for  ftiU-stroke  cut-off,  with  the  others  proportionately  high.  If 
simple-expansion  cylinders  are  used,  the  working  pressure  shoutd  not 
exceed  180  lb.,  while,  with  compounds,  one  can  easily  use  fh>m  180  to 
225  lb.  with  great  economy.  Where  it  is-  imperative  to  have  a  minimum- 
sized  locomotive  storage  with  a  maximum  run,  this  can  be  accomplished 
with  compound  locomotives.  Originally,  it  was  the  custom  to  lag  the  cylin- 
ders as  in  steam  practice,  but  now  it  is  found  advantageous  to  leave  uiem 
bare  and  to  corrugate  both  sides  and  ends  so  as  to  present  a  maximum 
surface  to  the  surrounding  atmosphere  while  running,  thus  absorbing 
new  energy. 

Example.— It  is  desired  to  haul  trips  of  60  cars,  empties  weighing  2,000  lb. 
and  loads  6,000  lb.  each,  over  a  track  having  the  following  profile,  and  with 
one  charge  of  air.  All  grades  are  in  favor  of  loads.  (The  following  calcu- 
lations have  been  made  with  the  slide  rule.) 


Profile 

OF  Road. 

Grade. 

Distance. 

Grade. 

Distance. 

Grade. 

Distance. 

1.^ 
1.35t 

800  ft. 
600  ft. 
800  ft. 

0.30?< 
l.T7ft 
0.905( 

700  ft. 

1,025  ft. 

300  ft;. 

2.4f( 
3.5X 

400  ft. 
425  ft. 
820  ft. 

The  maximum  grade  being  3.5^,  and  the  car  friction  in  this  case  being  1^, 
the  total  resistance  when  ascending  a  3.5^  grade  due  to  cars  is,  hence, 
3.5^  -h  1^  =»  4.5^.  Since  it  is  desired  to  haul  60-car  trips,  and  all  grades  are 
in  favor  of  loads,  it  is  only  necessary  to  provide  a  locomotive  capable  of 
hauling  60  empties  weighing  120.000  lb.  up  the  above-mentioned  grade.  The 
drawbar  pull  necessary  to  do  this  is  4.5^  of  120,000  lb.  =  5,400  lb.  In  general, 
it  will  require  a  locomotive  having  a  weight  on  drivers  of  5  times  the 
tractive  effort  desired  if  steel  tires  are  used,  as  is  the  practice  in  the  con- 
struction of  air  locomotives,  and  6  times  the  tractive  effort  if  cast-iron  chilled 
wheels  are  used,  as  is  the  practice  in  electric  locomotives.  We  will  there- 
fore assume  the  necessary  weight  of  the  locomotive  to  give  the  proper 
adhesion  as  32,000  lb.,  and  we  calculate  that  the  tractive  enort  necessarv  to 
haul  itself  up  the  3.5^  grade  would  be  3.55(  +  .5^  =  4j<  (.5ji  covering  the  fric- 
tion of  the  locomotive  on  the  level)  of  32,000  lb.,  or  1,280  lb.,  to  which  we 
add  the  necessary  drawbar  pull  to  haul  the  desired  load,  1,280  -f  5,400,  and 
have  a  total  tractive  effort  of  6,680,  which  is  about  the  limit  of  a  locomo- 
tive on  dry  rail  with  sand.  o 


Grade. 

Distance. 

T.E. 

Strokes. 

1.3 

SW 

3,375 

120 

2.0 

600" 

4,450 

80 

1.3 

SCO' 

3,375 

120 

0.3 

700^ 

1.830 

106 

1.77 

l,02y 

4,100 

150 

0.9 

SOO' 

2.750 

40 

2.4 

400^ 

5,075 

60 

8.5 

425' 

6,760 

65 

1.2 

320^ 

2,220 

50 
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By  oonsalting  the  table  of  tractive  efforts  of  oompreased-air  locomotives, 
"we  see  that,  at  100  lb. working  pressure,  a  10"  x  14",  26"  driver  locomotive  has 
a.  maximum  tractive  effort  at  |  cut-off,  which  is  practically  f^U  stroke,  of 
5,280  lb.,  and  by  dividing  this  into  our  necessary  tractive  effort,  we  find  that 
tlie  necessary  working  pressure  would  be  about  130  lb. 

On  this  basis,  we  then  make  up  the  following  table  in  order  to  ascertain 
tlie  necessary  air  consumption: 

GoiNQ  IN  With  Empties. 

Cut-Off.     Cu.  In.  Air  Used. 

i  126,000 

i  176,000 

i  126,000 

i  55,125 

I  315,000 

i  42,000 

t  157,500 

f  239,000 

i  52,500 

CoMiNo  Out  Loaded.* 
0.3  700^  2,600  105  i  110,000 ' 

1  399  125 

205(  additional '279i825 

Total 1,678,950  cu.  in. 

This  equals  975  cu.  it.  at  130  lb.  pressure  used  in  hauling  the  required  loads 
on  a  single  round  trip.  Since  we  should  return  to  the  starting  point  with 
130  lb.  in  the  locomotive  storage,  it  is  evident  that  the  volume  of  the  tanks 
■hall  allow  for  the  use  of  975  cu.  ft.  in  addition  to  1  volume  at  130  lb. 

Let  V  =  volume  of  storage  on  locomotive;  P*  »  pressure  of  storage  on 
locomotive;  p  «  working  pressure;  V  «-  volume  at  working  pressure  nec- 
essary to  do  the  work  required. 

Then  the  product  of  the  volume  of  the  locomotive  storage  by  its  pressure 
must  equal  the  sum  of  the  volume  necessary  to  do  the  work  required 
multiplied  by  the  working  pressure,  and  the  locomotive  storage  volume  by 
the  working  pressure,  thus, 

p'r  =  pr-i-pr',or,F=  v'y^--. 

-ion 

If  P'  -  660,  then     K  -  975  X  ggo^^lab  =  ^44  cu.  tt. 

With  one  locomotive,  making  trips  every  30  minutes, we  must  arrange  for 
a  compressor  capable  of  compressing  975  cu.  ft.  at  130  lb.  in  this  time.  Since 
it  is  customary  to  rate  compressors  at  their  capacity  in  flree  air  per  minute, 

975  X  130 
the  above  is  equivalent  to  TTYs^^a  "^  '^  ^^'  ^'  ^®®  ^^  P®^  minute. 

This  must  be  compressed  to  800  lb.  in  the  compressor,  and  stored  in 
stationary  storage.    If  X  is  the  volume  of  the  stationary  storage, 

^-  ^^/.orX=  244  X^~^  =  846cu.ft. 


The  length  of  the  haulage  is  5,370  ft.,  hence  the  cross-section  of  the  pipe 

846 
necessary  to  fUmish  the  requisite  storage  is  ^-^  =  .157  sq.  ft. 

From  the  following  table,  this  would  require  a  5i"  pipe,  but  for  practical 
purposes  it  is  possible  that  a  f/'  pipe  would  oe  selected. 


•  Betorning  with  lo«di,  it  !■  poulbic  thkt  there  ii  only  one  grade  that  the  trip  will  hare 
»behanled.  Digitized  by  GoOglc 
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Standard  Steam  and  Extra-Strong  Pipe  Used  for  Compressed- Air 
Haulage  Plants. 


Trade 
Diam- 

Cu. Ft.  in 

1  Lineal 

Ft. 

Lineal  Ft. 

Necessary 
to  Make 
1  Cu,  Ft. 

Steam. 

Extra  Strong. 

Trade 

eter. 
In. 

Thick- 
ness. 

Weight    Thick- 
per  Ft.      uess. 

Weight 
per  Ft. 

5.02 
7.67 
10.20 
12.50 
15.00 
17.60 
20.50 
24.50 
28.60 

eter. 
In. 

2 

2* 
3 
3i 
4 

.0218 
.0341 
.0491 
.0668 
.0873 
.1105 
.1364 
.1650 
.1963 

45.41 

29.32 

20.36 

15.00 

11.52 

9.05 

7.33 

6.06 

5.10 

.15 
.20 
.21 
.22 
.23 
.24 
.25 
.26 
.28 

3.61 
5.74 
7.54 
9.00 
10.70 
12.30 
14.50 
16.40 
18.80 

.22 
.28 
.30 
.32 
.34 
.&5 
.37 
.40 
.43 

2 
2i 
3 

f 

4i 
5 
5i 
6 

From  the  following  table  we  see  that  it  would  require  2.88  x  32.5  = 
93.6  U.  P.;  hence,  we  would  be  compelled  to  arrange  for  a  boiler  cai>acity 
of  practically  100  H.  P.,  provided  we  used  a  three-stage  compressor,  as  is  the 
general  custom. 

Horsepower  Necessary  to  Compress  100  Cu.  Ft.  op  Free  Air  to  Various 
Pressures  and  With  Two-,  Three-,  and  Four-Stagb  Compressors. 


Horsepower  Necessary. 

Horsepower  Necessary. 

Gauge 

Gauge 

Pres- 

sure. 

Two- 

Three- 

Four- 

Pressure. 

Two- 

Three- 

Four- 

Stage. 

Stage. 

Stage. 

Stage. 

Stage. 

Stage. 

100 

15.7 

15.2 

14.2 

900 

36.3 

33.7 

31.0 

200 

21.2 

20.3 

18.8 

1,000 

37.8 

34.9 

31.8 

300 

24.5 

23.1 

21.8 

l.'iOO 

39.7 

36.5 

33.4 

400 

27.7 

25.9 

24.0 

1,400 

41.3 

37.9 

34.5 

500 

29.4 

27.7 

25.9 

1,600 

43.0 

39.4 

•35.6 

600 

31.6 

29.5 

27.4 

1,800 

44.5 

40.5 

36.7 

700 

33.4 

31.2 

28.9 

2,000 

45.4 

41.6 

37.8 

800 

34.9 

32.5 

30.1 

2,500 

43.0 

39.0 

Electric  Haulage.— Mr.  H.  K.  Myers  says  in  regard  to  mine  haulage  by 
electricity:  In  general,  it  costs  from  6  to  10  cents  per  ton  to  deliver  coal 
from  face  of  workings  to  shaft,  slope,  or  tipple,  where  the  haul  is  1  mile  and 
the  tracks  approximately  level;  yet  I  know  three  mines  that  at  present  haul 
from  parting  with  the  trolley  system,  the  miner  delivering  rrom  face  of 
room,  making  an  average  round  trip  of  9,000  ft.,  at  a  total  cost  of  1  cent  per 
ton.  These  mines  have  never  had  a  mule  in  them,  and  it  would  be  almost 
an  impossibility  to  introduce  them,  for  the  reason  that  the  seam  is  of  such 
thickness  that  the  clearance  between  tie  and  roof  is  only  about  4  ft.  Since 
the  advent  of  the  electric-mining  locomotive,  there  has  been  a  change  in 
the  mine  wagons  universally  used.  Formerly  it  was  customary  to  find  as 
much  as  60  lb.  per  ton  car  resistance  on  the  level,  while  at  present  it  is  as 
low  as  15  lb. 

In  dimensioning  mining  locomotives,  it  is  customary  to  make  the  weigbt 
from  6  to  8  times  the  necessary  tractive  effort,  dependent  entirely  on  the 
nature  of  the  work.  If  the  work  is  constant  and  a  maximum,  then  the 
weight  will  be  only  6  times  the  torque  of  the  motors,  while  if  the  work  is 
intermittent  with  a  short-time  maximum  tractive  effort,  then  the  fiictor 
will  be  8.    The  weight  of  an  electric  locomotive  running  at  a  speed  of  6  to 
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A  xxriles  per  hour  with  intermittent  load  may  also  be  expressed  on  a  basis  of 
400  lb.  for  each  rated  horsepower  of  the  motor,  and  the  weight  should  be 
«  tdmes  the  rated  drawbar  pull,  regardless  of  speed.  For  continuous  work, 
tlixese  weights  should  be  decreased  '25^. 

I>s.AWBAR  Pull  on  VARiors  Grades  for  Different  Sized  Locomotives. 


Horse- 

Weight. 

Level. 

ii> 

2^ 

Grades. 

lM>wer. 

^ 

^ 

^ 

^ 

10 

4,000 

500 

460 

420 

380 

340 

300 

260 

20 

8,000 

1,000 

920 

840 

760 

680 

600 

520 

30 

12,000 

1,500 

1,380 

1,260 

1,140 

1,020 

900 

780 

50 

20,000 

2,500 

2,300 

2,100 

1,900 

1,700 

1,500 

1,300 

70 

28,000 

3,500 

3,220 

2,940 

2,660 

2,380 

2,100 

1,820 

100 

40,000 

5,000 

4,600 

4,200 

3,800 

3,400 

3,000 

2,600 

In  mines  it  is  found  that  the  friction  between  wheel  and  rail  is  less  than 
on  the  surface,  due  to  dampness  and  powdered  coal  on  the  rail.  The  tractive 
efforts  with  chilled  wheels  is  usually  considered  |  of  the  weight.  The 
table  on  page  408  and  diagram  on  page  409  give  hauling  capacities  of 
locomotives  In  tons  of  2,000  lb. 

For  maximum  continuous  work,  it  is  necessary  to  have  a  grade  such 
that  the  efforts  to  haul  the  same  number  of  empty  wagons  as  loaded 
are  equal.  With  the  car  resistance  considered  1^  and  the  loaded  cars  weigh- 
ing 3  times  as  much  as  the  empties,  this  is  found  to  be  i  of  1^.  The  most 
critical  point  in  the  designing  of  mining  locomotives  is  to  make  the  limiting 
dimensions  a  minimum.  The  demands  for  various  dimensions  are  wonder- 
ful. The  headings  in  mines  are  never  of  more  generous  proportions  than 
really  necessary,  and  all  clearances  a  minimum.  The  minimum  dimensions 
for  mining  locomotives  are  as  small  as  2  ft.  for  wheel  base,  8  ft.  for  length 
over  all,  and  3  ft.  width.  Scarcely  two  orders  carry  the  same  dimensions, 
and  it  is  impossible  to  have  any  kind  of  a  standard.  In  consequence  of  this, 
it  is  necessary  to  have  a  great  variety  of  motors  suitable  for  gauges  as  nar- 
row as  18  in.  and  for  wheels  as  small  as  20  in.  in  diameter.  With  such  a 
variety,  it  becomes  possible  to  construct  a  locomotive  wei^^hing  40,000  lb. 
on  3'  gauge,  having  the  width  over  all  62  in.,  height  35  in.,  and  length 
12  ft.  In  construction,  it  is  necessary  to  have  the  most  modern  form  of 
motors  and  the  most  rigid  mechanical  construction. 

The  Motors  now  used  are  of  the  best  possible  construction  and  efficiency. 
They  are  of  the  slow-speed  street-car  type,  6  to  8  miles  per  hour  winding, 
and  range  in  size  from  4  to  50  H.  P.  It  is  customary  to  use  the  rheostatic 
type  of  controller  for  mining  locomotives,  on  account  of  its  small  dimensions 
and  apparent  efficiency  for  this  class  of  work,  but  it  is  doubtless  but  a  short 
time  until  a  very  compact  form  of  series-parallel  type  will  be  devised.  On 
account  of  the  use  of  this  rheostatic  controller,  it  becomes  necessary  to  pro- 
vide for  large  diverter  capacity,  and  since  the  locomotive  is  designed  for  the 
maximum  tractive  effort,  it  is  hardly  ever  possible  to  run  wimout  resist- 
ance and,  hence,  a  large  amount  of  current  must  be  dispersed  with  the 
consequent  heating.  If  the  motors  are  overloaded,  they  heat  rapidly,  this 
heating  varying  as  the  square  of  the  current.  A  motor  that  has  a  rating  of 
40  amperes  for  regular  work,  if  worked  for  3  minutes  at  100  amperes,  should 
not  be  subjected  to  such  a  strain  oftener  than  once  in  18J  minutes,  as  shown 
by  the  following  equation: 

40^  X  X  =  3  X  1002;  x  =  18*  minutes. 

Using  the  same  problem  given  under  compressed-air  locomotives,  in 
which  the  maximum  tractive  effort  was  6,760  lb.,  we  find  from  the  table  of 
drawbar  pulls  that  a  locomotive  equipped  with  two  50  H.  P.  motors  (equals 
100  H.  P.)  will  carry  the  load  with  an  overload,  these  motors  being  rated  for 
continuous  work  at  approximately  32  amperes  of  500  volts. 


Using  the  formula  V    m  -  =  64,  in  which  <^ 


at  which 
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various  amounts  a  of  current  are  used  on  the  corresponding  grades,  2  the 
summation  of  the  items  t  a^  calculated  for  each  section  or  grade,  and  T  = 
total  time  that  should  be  taken  for  each  trip,  we  calculate  the  following 
table: 


Grade. 

Dist. 

T.  E. 

Time. 
Minutes. 

Amperes. 

ta"' 

1.30 
2.00 
1.30 

.30 
1.77 

.90 
2.40 
3.50 
1.20 

.30 

800 
600 
800 
700 
1,0^ 
300 
400 
425 
320 

700 

3,375 
4,450 
3,375 
1,830 
4,100 
2,750 
5,075 
6,760 
2,220 

2,600 

1.5 

1.1 

1.5 

1.3 

2.0 

.6 

.8 

.8 

.6 

1.3 

114 
134 
114 

74 
128 
100 
148 
182 

86 

96 

Empties. 
19,600 
19,900 
19,600 

7,100 
32,800 

6,000 
17,300 
26,500 

4,400 
Loads. 
13,900 

1 

167,100  =  2<a« 

/16U00  _  g^.    ^^^  y  ^  167,100;    T  =  40. 

By  this  means  we  can  make  60-car  trips  every  40  minutes  without  injury 
to  the  motors,  based  upon  a  speed  of  6  miles  per  hour.    (See  also  pag^e  215. ) 

Speed  of  haulage  depends  on  the  system  of  haulage  used  and  on  the  con- 
dition of  the  haulage  road.  The  law  in  Pennsylvania  provides  for  a  speed  of 
haulage  not  over  6  miles  per  hour,  and  this  is  the  speed  at  which  electric  and 

Hauling  Capacity  of  Electric  Locomotives. 


s 

go 

sn 

Grades. 

a 

•<-> 
1 

II  § 
III 

1 

t 

i';c 

1^, 

li^ 

25^ 

2i96 

^ 

m 

¥ 

5)t 

Oji 

10 

4,000 

500 

20 

23 

15 

10 

8 

6.3 

5.2 

4.2 

3.5 

3.0 

2.2 

1.6 

30 

15 

11 

H.4 

6.7 

5.4 

4.5 

3.8 

3.2 

2.7 

2.0 

1.5 

40 

12 

9 

7 

5.7 

4.7 

4.0 

3.4 

3.0 

2.5 

1.8 

1.4 

20 

8,000 

1,000 

20 

46 

29 

21 

16 

13 

10.3 

8.4 

7.1 

6.0 

4.3 

3.1 

30 

31 

'» 

17 

13 

11 

9 

7.5 

6.4 

5.4 

4.0 

3.0 

40 

23 

18 

14 

U 

9.5 

8 

6.8 

5.9 

5.0 

3.7 

2.8 

30 

12,000 

1,500 

20 

69 

44 

32 

24 

19 

15 

13 

10.7 

9.0 

6.5 

4.7 

30 

43 

33 

25 

20 

16 

13 

11 

9.6 

8.2 

6.0 

4.4 

40 

34 

26 

21 

17 

14 

12 

10 

8.8 

7.5 

5.6 

4.1 

50 

20,000 

2,500 

20 

115 

73 

52 

40 

32 

26 

21 

18 

15 

11 

7.9 

30 

77 

55 

42 

33 

27 

22 

19 

16 

14 

10 

7.3 

40 

58 

44 

35 

29 

24 

20 

17 

15 

13 

9.3 

6.8 

70 

28,000 

3,500 

20 

161 

103 

74 

56 

44 

36 

30 

25 

21 

15 

11 

30 

107 

77 

59 

47 

'6S 

31 

26 

22 

19 

14 

10 

40 

81 

61 

50 

40 

33 

28 

24 

20 

18 

13 

9-6 

100 

40,000 

5,000 

20 

230 

147 

105 

80 

(33 

52 

42 

36 

30 

22 

16 

30 

153  110 

»4 

67 

54 

45 

38 

32 

27 

20 

1ft 

40 

U5i  88 

70 

57 

47 

40 

34 

29 

25  . 

19 

14 
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■npresaed-air  haulages  arc  usually  calculated  and  at  which  loaded  trips 
m  usually  run.    Empty  trips  are  usually  run  at  a  slightly  higher  speed. 
&The  speed  for  tail-rope  haulage  is  given  by  three  prominent  makers  of 


(a)  GOO  to  700  ft.  per  minute; 
er  hour. 


(6)  8  to  10  miles  per 


ich  plants,  as  follows: 
pur;  (c)  6  to  8  miles  per 

The  speed,  for  endless-rope  haulage  is  given  by  the  same  makers  as  (a) 
i40  to  150  ft.  per  minute;  (6)  1  to  2  miles  per  hour;  (c)  150  to  200  ft.  per 
Hinute.  A  slow  speed  for  endless  rope  is  to  be  preferred  as  being  much 
siore  econonucal  in  the  wear  of  the  rope  and  cars,  and  many  prefer  a  single- 
^ar  system  to  a  trip  system,  thus  doing  away  with  the  trip  nder.  By  ban- 
ning the  cars  singly  or  even  in  trains  of  two  and  at  a  slow  speed,  the  load 
^n  be  picked  up  without  any  slippage  of  the  rope  through  the  grips;  while 
f  trains  of  ftom  12  to  25  cars  are  used, with  the  rope  traveling  3  to  3i  miles 
per  hour,  it  is  impossible  to  pick  up  the  load  without  having  the  rope  slip 
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throngh  the  grip,  thus  heating  the  rope  and  cutting  it.  The  slow-speed, 
single-car  or  small-train,  system  requires  more  cars,  but  this  is  counterbal- 
anced by  the  life  of  the  cars  and  rope.  Those  that  have  tried  both  systems 
prefer  the  slow-speed  small  trip  to  the  high-speed  large  trip. 

It  has  been  found  in  general  practice  that  the  maximum  pulling  power 
of  a  mule  as  well  as  a  locomotive  is,  approximately,  one-fifth  its  weight,  or, 
in  other  words,  a  locomotive  will  pull  as  much  as  the  same  weight  of  mules 
will  pull,  and  at  a  speed  about  three  times  as  great. 

Coat  of  Haulags. — So  much  depends  on  local  considerations  that  it  is 
dilftcnlt  to  give  costs  of  haulage  that  will  be  of  service.  Mule  haulage 
has  been  given  as  costing,  under  different  conditions,  5.74  cents  and  7.92 
cents  per  ton-mile,  and  in  other  locations  2.35  cents,  2.95  cents,  and  7.15  cents 
per  ton  of  coal  hauled. 

The  Berwind- White  Coal  Mining  Co.,  at  Windber,  Pa.,  uses  30  electric  loco- 
motives at  various  mines,  which  average,  approximately,  400  tons  per  day  of 
9  hours,  per  locomotive,  over  an  average  haul  of  2  miles  for  the  round  trip. 
The  approximate  cost  for  operating  one  of  these  locomotives,  including  the 
wages  of  motorman,  trip  rider,  and  proportion  of  power-house  expense,  is 
about  $6.00  per  day,  or  li  cents  per  ton  of  coal  haul  per  mile.  If  the  total 
load,  including  weight  of  cars,  is  considered,  it  figures  I  of  1  cent  per  ton  per 
mile.  These  fl^rures  do  not,  however,  include  grades,  which  is  an  important 
&ctor  in  equating  costs  per  ton  per  mile.    In  these  mines  there  are  no  mules 
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whatever,  the  locomotives  distributing  the  empty  ears  to  room  partings,  kg  ' 
the  men  to  push  to  the  face.    If  the  haul  is  done  between  side  tracks  and 
under  similar  grade  conditions,  the  same  locomotives  could  easily  handle 
1,000  to  1,200  cars  per  day. 

Mr.  F.  J.  Piatt,  of  Scranton,  Pa.,  gives  the  following  comparative  costs  of 
electric  and  mule  haulage  per  ton  of  coal  hauled  and  under  approximately 
the  same  conditions  in  the  same  mine: 


Name  of  Mine. 

Mule  Haulage. 
Cents. 

Electric  Haulage. 
Cents. 

Green  Ridge  Colliery 

7.15 
6.58 
2.35 
2.95 
10.77 
9.10 

2.76 

New  York  &  Scranton  Coal  Co. 

2  62 

New  York  &  Scranton  Coal  Co 

1.07 

Mt.  Pleasant  Colliery 

1.27 

Hillside  Coal  &  Iron  Co 

4.56 

Hillside  Coal  &  Iron  Co 

4.65 

The  following  costs  of  electric  haulage,  per  ton  of  material  hauled,  are 
given  in  the  catalogue  of  the  General  Electric  Co.: 


Name  of  Mine. 

Mule  Haulage. 
Cents. 

Electric  Haulage. 
Cents. 

Wythe  Lead  &  Zinc  Co 

10 

2.56 

Blossburg  Coal  Co 

7.9 

Cleveland-Cliffs  Iron  Co.  ('94,  '95,  '96) 

3.9,  4.5,  4.8 

At  Carbondale,  Pa.,  compressed-air  locomotives  have  hauled  coal  for 
1.5  cents  per  ton-mile,  at  Mill  Creek,  Pa.,  for  3.77  cents  per  ton-mile,  and 
at  Glen  Lyon,  Pa.,  for  1.89  to  1.93  cents  per  ton-mile. 


MINE    ROADS   AND   TRACKS. 

Underground  or  mine-car  tracks  should  be  solidly  laid  on  good  sills,  rest- 
ing on  the  solid  floor  of  the  mine.  They  should  be  well  ballasted,  and 
should  have  good  clean  gutters  on  the  lower  side  of  the  entry,  so  that  the 
rails  mav  be  protected  as  much  as  jjossible  from  the  action  of  the  mine 
water.  Much  of  the  following  data,  on  mine  roads  is  based  on  an  article  on 
"  Mine  Roads,"  by  Mr.  H.  L.  Auchmuty,  "  Mines  and  Minerals,"  March, 
1900. 

Grade.— The  grades  depend  entirely  on  circumstances,  but,  when  possible, 
the  grade  should  be  in  favor  of  the  load,  and  should  be  at  least  5  in.  in  100  ft. 
to  insure  flow  in  the  ^tters  alongside  the  track.  On  main  roads,  where 
wagons  having  a  capacity  of  1.5  to  2.5  tons  are  hauled  by  animal  power,  the 
grades  should  not  exceed  1^  to  2^  in  favor  of  the  loaded  wagon.  Such  a  rate 
of  grade  provides  for  an  easy  return  haul  of  the  empty  trip  without  wearing 
out  the  stock,  and  likewise  insures  good  drainage.  With  grades  under  li, 
unless  the  ditches  are  kept  perfectly  clean,  the  drainage  is  apt  to  be  sluggish, 
and  then,  in  low  places,  we  are  sure  to  And  a  wet  and  muddy  track,  which 
is  a  great  source  or  waste  energy. 

Where  hauling  is  done  by  locomotives,  whether  by  compressed  air  or 
steam,  the  adverse  grades  should  not  be  over  1.5^  to  2.5^6  if  it  can  possibly  be 
avoided.  When  gradients  are  heavy,  too  great  a  percentace  of  the  tractive 
power  of  the  locomotive  is  consumed  in  drawing  itself  up  tne  grade. 

Ties  should  be  spaced  about  2  ft.  apart,  center  to  center,  making  15  to  a 
30'  rail.  The  rail  should  be  well  spikea  to  the  ties  with  four  spikes  to  each 
tie,  the  joint  between  two  rails  on  one  side  of  the  track  beine  located  about 
midway  between  two  joints  on  the  opposite  rail.  Care  should  be  taken  in 
locating  the  spikes  that  they  are  not  all  in  the  center  of  the  tie,  thereby 
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IQsiiis  a  tendeocy  to  split  the  same.    It  is  best  to  place  them  each  side  of 

reenter  with  two  spikes  between  the  rails,  on  one  side,  and  the  two  spikes 
tlie  outside  of  the  rail  on  the  other  side  of  the  center  of  the  tie.  With  the 
lUces  8o  located,  there  is  no  tendency  for  the  tie  to  slide,  as  there  is  if  an 
Iftslde  and  inside  spike  are  on  the  same  side  of  the  center  of  the  tie.  Ties 
tkVixLg  a  5  in.  face  and  4  in.  deep  by  5^  ft.  in  length  should  be  used  for  the 
rtdinary  sizes  of  rail,  i.  e.,  16  Id.  to  20  lb.,  and,  in  general,  the  thickness 
iould  be  sufficiently  great  that  the  spike  does  not  pass  entirely  through  the 
e,  as  then  its  holding  power  is  greatly  diminished.  On  haulage  tracks 
liere  35-lb.  to  40-lb.  rail  is  used,  tne  ties  should  be  at  least  5  in.  deep  and 
ave  a  face  of  6  in.,  the  ties  ordinarily  used  for  lighter  sizes  of  rails  being 
ntirely  too  thin  for  rails  of  this  weight,  as  a  larger  spike  than  the  ordinary 
in.  X  f  in.  is  required  to  securely  hold  the  rails  to  place.  The  ends  of  the 
lea  sliould  be  lined  up  along  one  side  of  the  track,  so  that  they  are  all  the 
ame  distance  ftom  the  rail,  and,  with  each  tie  placed  at  right  angles  to 
he  rail  as  it  should  be,  we  have  a  well-spaced,  neat-looking  track,  which, 
v'hen  well  tamped  with  the  ballast,  is  perfectly  solid.  On  curves,  the  ties 
hhould  be  laid  so  as  to  form  radii  of  tne  curves  of  the  track. 

Raila.— The  weight  of  rail  to  be  chosen  in  any  individual  case  depends 
entirely  on  the  weight  of  wagons  used,  and  the  motive  power.  For  wagons 
vhose  capacity  is  about  1.5  tons,  the  weight  of  rail,  when  the  motive  power  is 
Live  stock,  should  not  be  less  than  16  lb.  per  yd.,  while  for  wagons  having  a 
capacity  of  2  tons  or  over,  a  20-lb.  rail  should  -be  used .  There  is  no  economy 
in  using  a  very  light  rail,  as  the  base  is  gradually  eaten  away  by  the  mine 
water  when  it  comes  in  contact  with  the  metal,  and  in  the  case  of  a  heavy 
section  of  rail,  it  will  be  much  longer  before  the  rail  becomes  weakened. 

On  main  roads,  where  haulage  machinery  of  one  kind  or  another  is  used, 
the  weight  of  rail  for  2-ton  wagons  should  be  fh)m  25  lb.  to  35  lb.  per  yd., 
and  on  steep  slopes  as  high  as  40  lb.  per  yd. 

In  the  case  of  locomotive  haulage,  authorities  claim  that  the  weight  of  rail 
should  be  regulated  by  allowing  1  ton  for  each  driver  for  each  10  lb.  weight 
of  rail  per  yd. 

Gauge. —The  gauge  of  the  track  in  coal  mines  should  not  be  less  than  30  in. 
nor  more  than  4^  in.  A  mean  between  these  two,  or  a  gauge  of  from  38  in.  to 
42  in.  is  desirable,  because  it  combines,  to  a  certain  extent,  the  advantages 
claimed  for  the  extremes.  The  advocates  of  broad  gauges  believe  that  me 
greater  stability  of  the  track  and  the  consequent  reduction  in  haulage  expen- 
ses, the  increased  capacity  of  the  broad-gauged  mine  cars,  the  reduction  In 
the  outlay  for  rolling  stock,  and  for  repairs  to  the  same,  more  than  equal 
the  disadvantages  of  oroad  as  compared  to  the  narrow  gauges. 

Advocates  of  the  narrow  gauges  think  that  the  ease  of  hauling  around 
sharp  curves,  the  reduction  in  cost  of  construction,  and  the  use  of  mine  cars 
with  inside  wheels,  are  advantages  greater  than  those  advanced  by  the 
advocates  of  the  broad  gauges.  An  allowance  of  about  i  in.  should  always  be 
made  between  the  wheel  gauge  and  the  track  gauge.  By  so  doing,  the  resist- 
ance to  hauling  is  greatly  overcome,  and  there  is  no  binding  of  the  was^ons 
on  the  track,  hence  a  less  likelihood  of  having  derailed  wagons.  Witn  an 
average  running  wagon,  there  is  a  resistance  of  15  to  20  lb.  per  ton  tractive 
force  on  a  level  track,  which  would  be  equal  to  the  resistance  occasioned  by 
a  grade  of  .759(  to  K,  and  with  wagons  that  bind  on  the  track,  this  resistance 
is  greatly  increased. 

Carves  should  be  of  as  large  a  radius  as  possible,  and  never,  if  possible,  of 
less  radius  than  25  ft.  The  resistance  of  curves  is  very  considerable.  The 
less  the  radius  of  the  curve,  and  the  greater  the  length  of  the  curved  track 
occupied  by  the  trip,  or  train,  the  greater  the  resistance.  The  length  of 
wheel  bases  of  the  cars,  the  condition  of  rolling  stock  and  of  the  track,  and 
the  rate  of  speed,  all  Influence  the  resistance,  and  there  is  no  formula 
that  will  apply  to  all  cases.  In  practice  on  surface  railroads,  engineers 
compensate  for  curves  on  grades  at  the  rate  of  j%^  ft.  in  each  hundred  feet 
for  each  degree  of  curvature,  the  grade  being  stated  in  feet  per  hundred. 
In  mine  work,  this  compensation  is  not  made,  as  the  gain  will  not  pay  for 
ihe  labor  that  must  necessarily  be  employed  to  do  work  in  a  thoroughly 
scientific  manner. 

Sharper  curves  can  be  used  on  narrow-gauge  roads  than  on  broad-gauge 
roads,  because  the  difference  in  length  of  the  inner  and  outer  rails  on  curves 
on  the  same  degree  is  not  quite  so  great,  and  also  because  the  wheel  bases 
of  cars  are  less.    The  track  should  be  spread  about  i  in.  on  easy  curves,  and 
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on  very  short  curves  about  1  in.,  or  as  much  as  the  tread  of  the  wheetel 

Sennit.  A  good  rule  is  to  widen  the  track  ^  in.  for  each  2^**  of  corvaj 
hort  and  irregular  curves  are  to  be  avoided  whenever  possible,  as  Vk 
increase  the  load  and  are  destructive  to  rails  and  rolling  stock.  Wben  a  dH 
curve  is  necessary,  the  rail  should  be  bent  to  the  right  curvature  b] 
portable  rail  bender,  or  by  a  Jack  and  damps. 

To  Bend  Rails  to  Proper  Arc  tor  Any  Radius. —Rails  are  usually  90  ft.  long,  a 
the  most  convenient  chord  to  use  in  bending  mine  rails  is  10  ft. 

Then,  having  the  radius  and  chord,  we  find  the  rise  of  middle  ordinate 
.  squaring  the  radius,  and  fh>m  it  take  i  the  square  of  the  chord.  Sxtract  t 
square  root  of  the  remainder  and  subtract  it  fK>m  the  radius;  the  result  w 
be  the  rise  of  the  middle  ordinate.  Thus,  having  a  radius  of  30  ft.  and 
chord  of  10  ft.,  the  middle  ordinate  will  be 


30  -  i/30^  -  6=*,  or  0.42  ft. 
Rail  Elevation.— In  elevating  rails  on  curves,  consider  whether  tbe  faaulin 
is  to  be  done  by  a  rope,  or  by  a  locomotive,  or  electric  motor.  For  either* 
the  latter,  elevate  the  rail  on  the  outside  of  the  curve;  but  for  the  firs 
elevate  the  inner  rail,  since  as  the  power  is  applied  by  a  long  flexible  n>p< 
there  is  always  a  tendencv  for  both  rope  and  wagons  to  take  the  long  chor 
of  the  curve  as  soon  as  the  point  of  curve  is  reached.  On  slope  baulagei 
operated  by  a  single  rope,  when  the  weight  of  the  wagons  traveliogr  on  th 
grade  of  the  slope  is  sufficient  to  draw  the  rope  off  the  hoisting  drum,  th 
rails  on  curves  should  be  elevated  on  the  outside,  the  efiect  then  beinj 
similar  to  that  of  a  locomotive,  i.  e.,  the  centrifugal  force  tends  to  throw  tfa< 
wagon  to  the  outside  of  the  track.  In  such  cases,  the  elevation  should  b 
moderate  so  as  not  to  interfere  with  the  trip  when  drawn  out  again  by  thi 
rope— the  opposite  effect  being  then  experienced.  On  an  18*^  curve  (319  ft 
radius),  an  elevation  of  2  in.  or  3  in.  in  the  outer  rail,  where  .the  haulage  wsi 
by  slope,  rope,  has  never  given  any  trouble  in  operating.  In  general,  tht 
elevation  or  rail  necessary  for  different  degrees  of  curvature  for  a  42"  tract 
gauge  should  be  made  in  accordance  with  the  following  table: 

Table  op  Elevations. 

For  outer  rail  of  curves  for  a  speed  of  10  to  15  miles  per  hour  and  a  gaug« 
of  track  of  42  in.  for  locomotives;  or  for  slope  haulages  where  cars  run  down 
grade  by  gravity. 


Degree 

Radius 

Elevation 

Degree 

Radius 

Elevation 

of 

of 

of  Outer 

of 

of 

of  Outer 

Curve. 

Curve  (Ft.). 

Rail  (In.). 

Curve. 

Curve  (Ft.). 

Rail  (In.). 

1 

5,729.6 

I 

10.0 

573.7 

11 

2 

2,864.9 

12.0 

478.3 

lA 

3 

1,910.1 

15.0 

383.1 

11^ 

4 

1,432.7 

18.0 

319.6 

111 

5 

1,146.3 

A 

20.0 

287.9 

2A 

6 

955.4 

1 

57.3 

100,0 

4i 

7 

819.0 

i 

95.5 

60.0 

4 

8 

716.8 

i 

114.6 

50.0 

4 

9 

637.3 

1 

No  elevation  should  be  over  4i  in.,  which  "would  be  equivalent  to  an 
elevation  of  6  in.  for  standard  track  gauge  of  4  ft.  9  in.,  the  latter  being  con- 
sidered as  the  maximum  for  standard  gauge. 

Rollers.— The  rollers  on  level  tracks  should  not  be  more  than  about  20  ft. 
apart  to  properly  carry  the  rope,  and  on  gravity  slopes  where  the  lower  end 
01  the  slope  gradually  flattens  off,  the  distance  between  rollers  should  not 
be  more  than  12  to  15  ft.,  as  this  spacing  allows  the  trip  of  wagons  to  run 
much  farther,  by  keeping  the  rope  well  off  the  ties,  than  if  they  are  fieffther 
apart,  thereby  not  supi)orting  the  rope,  and  causing  a  great  amount  of 
friction  between  the  rope  and  the  ties.  With  tracks  in  &ir  shape  and  rollers 
12  to  15  ft.  apart,  the  resistance,  due  to  the  rope  in  running  empty  wagons 
^own  grades  varying  from  3.8^  to  6.2^,  varied  from  6^  to  15j(  of  the  weight  of 

pes  by  actual  trial. 
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Fig.  7. 


Swl^eli«s.— Tlie  switch,  or  ioteA,  most  commonly  used  in  mines  is  shown 
P^^.  7.  When  the  branch  or  sidinff  is  in  constant  use,  an  ordinary  railway 
g^  18  substituted  for  the  bar  b.  The  latches  a,  a  are  wedge^haped  bars  of 
11  (xrkfiLde  as  high  as  the  rail)  with  an  eye  in  the  thick  end.    They  are 

sometimes  connected  together  by  a  rod 
attached  to  a  lever  so  that  they  may 
both  be  moved  at  once  from  the  side  of 
the  track,  or  by  a  person  situated  some 
distance  away.  This  switch  is  made  self- 
closing  or  automatic  whenever  it  is 
necessary  to  run  all  the  cars  oflf  at  the 
branch  (the  switch  then  being  used 
only  to  admit  cars  to  the  main  track) 
by  attaching  the  latches  through  a  bar 
or  lever  to  a  metallic  spring,  a  stick  of 
some  elastic  wood,  or  a  counter  weight, 
to  pull  tJdem  back  into  a  certain  position 
whenever  they  have  been  pushed  to  one 
side  or  the  other  by  the  passage  of  a  car 
:i  t,\xe  main  track.  Figs.  10, 11, 12,  and  13  show  some  of  the  applications  of 
tese  sprlne  latches  or  automatic  switches. 

A.  xnodlncation  of  this  switch  is  shown  in  Fig.  8,  which  represents  a  form 
f  double  switch.  These  latches  are  set  by  the  drivers,  who  kick  them  over 
n<l  drop  a  small  square  of  plate  iron  between  them  to  hold  them  in  place 
liis  switch  costs  more  than  the  other  style  and  is  better  adapted  to  outside 
Dstds  than  to  inside  roads. 

Tlie  ordinary  movable  rail  switch  in  common  use  on  all  surface  railways 
3  soxnetimes  used  in  mine  roads.  It  is  commonly  used  in  slopes  arranged  as 
lio-wn  by  Fig.  12,  to  replace  latches  set  by  the 
iar,  and  is  also  liargely  used  in  outside  roads. 
For  crossings,  ordinary  railway  frogs  and 
n^ade  crossings  are  sometimes  used,  m  is  also 
i.  small  turntable,  which  then  answers  two « 
purposes.  More  f^quently  the  plan  shown 
in  Fig.  9,  in  which  four  movable  bars  are 
throvra  across  the  main  track  whenever  the 
other  ro€ul  is  to  be  used,  is  adopted. 

The  subordinate  road  is  built  from  li  to  2 
in.  higher  than  the  main  road,  to  allow  the 
bars  to  clear  the  main-track  rails. 

Turnouts.— On  gangways  or  headings  used  as  main  haulage  roads,  turnouts 
should  be  constructed  at  convenient  intervals  to  allow  the  loaded  and 
empty  trips  to  pass.  These  turnouts  should  be  long  enough  to  accommodate 
ftom  5  or  6  up  to  15  or  20  cars.  The  switches  at  each  end  may  be  made  self- 
acting  so  that  the  empty  trip,  coming  in,  is  thrown  on  the  turnout,  and  in 
runnmg  out  on  the  main  track  at  the  otner  end,  the  loaded  cars  open  the 
switch,  which  immediately  closes. 

As  there  is  constant  trouble  with  self-setting  switches,  either  from  small 
fragments  of  coal  or  slate  clogging  them 
up,  or  flrom  insuflacient  power  of  the  spring 
to  move  them,  they  are  viewed  with  dis- 
favor by  many  mine  managers,  who  do 
not  care  to  use  them  under  any  conditions. 
Slope  Bottoms.— At  the  foot  of  a  slope, 
or  at  the  landing  on  any  lift,  the  gang- 
way is  widened  out  to  accommodate  at 
least  two  tracks— one  for  the  empty  and 
one  for  the  loaded  cars.  The  empty  track 
should  be  on  the  upper  side  of  tne  gang- 
way, or  that  side  nearer  the  floor  of  the 
seam,  and  the  loaded  track  on  that  side 
of  the  gangway  nearer  the  roof  of  the  seam. 
An  arrangement  of  tracks  often  used 
is  shown  in  Fig.  10.  At  a  distance  of  40 
or  50  ft.  above  the  gangway,  the  slope  is  widened  out  to  accommodate  the 
branch  leading  into  the  ^an^way  loaded  track.  This  branch  descends 
with  a  gradually  lessening  inclination  until  nearly  at  the  level  of  the  gang- 
way it  turns  into  the  main  loaded  track.  A  short  distance  above  the  gangway, 


Fig.  8. 


Fig.  9. 
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a  bridge  or  door  is  placed,  ^^'hich,  when  closed,  forms  a  latch  by  whieii  UmI 
empty  cars  are  taken  off  the  slope.  The  empty  track  is  about  6  ft.  hl^ier  1 
than  the  loaded  track,  and  is  carried  over  it  on  a  trestle.  The  illustxatioii  ii 
Fig.  10  shows  the  plan  as  arranged  for  a  single  slope,  or  one  side  only  of  a  | 
slope  taking  the  coal  from  both  directions. 
When  coal  is  beine  raised  from  this  lift, 
the  bridge  is  dosed;  the  empty  car  comes 
down  and  is  run  off  over  the  bridge;  the 
car  is  unhooked  from  the  lope,  and  the 
chain  and  hook  attached  to  the  rope  are 
thrown  down  to  the  branch  below  on 
which  a  loaded  car  is  standing;  the  loaded 
car  is  attached,  the  signal  given,  the  car 
ascends  to  the  main  track  on  the  slope, 
opening  the  switch— or  the  switch  may  be 
set  each  time  by  the  bottom  men,  by  a  lever 
at  the  bottom  of  the  branch.  This  plan  can 
only  be  economically  applied  in  tliiclr 
seams,  as  the  height  necessary  to  allow  one 
track  to  cross  the  other  on  a  trestle  cannot 
be  obtained  in  seams  of  moderate  thick- 
ness without  taking  down  a  large  amount 
of  top. 

A  more  simple  plan,  which  dispenses 
with  the  bridge,  is  often  used.  The  branch 
is  laid  off,  as  shown  by  Fig.  10,  but,  near 
the  point  where  it  enters  the  gangway,  a  switch  opening  into  the  empty 
track  is  placed.  By  this  arrangement,  the  tracks  cannot  be  as  well  arranged 
for  handling  the  cars  by  gravity  as  in  the  former  plan,  in  which  the  empty 
cars  when  detached  from  the  rope  run  by 
gravity  into  the  empty  siding,  and  the  loaded 
cars  descend  by  gravity  around  the  curve  to 
the  foot  of  the  branch,  where  they  lie  ready  to 
be  attached  to  the  rope. 

When  the  pitch  of  the  slope  is  so  steep  that 
the  coal  or  ore  falls  out  of  the  cars,  during 
hoisting  a  gunboat  is  used  or  the  cars  are 
raised  on  a  slope  carriage— in  either  case,  the 
arrangement  of  the  tracks  Lat  lift  landings  is 
entirely  different.  With  either  a  gunboat  or 
a  slope  carriage,  the  arrangement  of  tracks 
on  the  slope  is  the  same;  but,  in  the  former 
case,  a  connection  between  the  slope  and 
gangway  tracks  is  often  advisable,    when  a 

gunboat  is  used,  the  gangway  tracks  run  direct  to  the  slope,  and  a  tipple,  or 
dump,  is  placed  on  each  side  to  dump  the  mine  cars  over  the  gunboat; 
but  when  the  cars  are  raised  on  a  slope  carriage,  the  gangway  tracks 
run  direct  (at  right  angles)  to  the  slope,  to  carry 
the  car  to  the  cage  or  carriage.  The  floor  of  the 
cage  is  horizontal,  and  has  a  track  on  it  that  fits 
on  the  end  of  the  gangway  track  when  the  car- 
riage is  at  the  bottom,  and  this  track  is  arranged 
with  stops  similar  to  those  on  cages  used  in  shafts. 
Another  common  arrangement  of  tracks  at 
the  bottom  of  a  slope  is  shown  in  Fig.  11.  A 
branch  is  made  by  widening  the  slope  out  near 
the  bottom,  and  this,  being  a  few  feet  higher  than 
the  main  track,  is  used  to  run  off  the  empties  by 
gravity.  The  loaded  cars  run  in  by  gravity 
around  the  curve  to  the  foot  of  the  slope  in 
position  to  be  attached  to  the  rope. 

In  ascending,  the  loaded  car  forces  its  way 
throueh  the  switch,  or  the  switch  may  be  set  by  a 
lever  located  at  the  foot  of  the  slope.  When  the 
empty  car  descends,  it  runs  in  on  the  branch,  where  the  chain  is  unhooked 
and  thrown  over  in  front  of  the  loaded  car,  and  runs  around  the  curve  into 
ther " '^ 


W 


Fig.  13. 


„  ingway  by  gravity. 
It  will  be  observed  that  in  this  plan  the  loaded  car  (and  consequently  the 
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torn  men)  stands  on  the  track  in  line  with  the  slope,  and  is  in  danger  fh>m 
7  obiects  tailing  down  the  slope,  or  ftom  the  breakage  of  the  rope  or  ooup- 
ss;  Du.t  this  can  be  obviated  by  making  the  bottom  on  the  curve.  The 
uitration  in  Fig.  11  shows  only  one  side  of  the  slope;  the  other  side  is,  of 
irse,  similar. 

All  tliese  plans  necessitate  the  location  of  that  part  of  the  gangway  near 
i  slope,  in  the  upper  benches  of  the  coal  or  near  the  top  rock.  The  gang- 
y  is  Hien  curved  gently  around  toward  the  floor,  so  that,  when  it  has  oeen 
ven  tar  enough  to  leave  a  sufficiently  thick  pillar,  the  bottom  bench  is 
kclied  and  the  ganarway  is  then  driven  along  the  bottom  rock. 
A  very  different  bottom  arrangement  is  shown  by  Pig.  12,  which  also 
^resents  a  plan  flrequently  adopted  on  surface  planes.  The  two  slope 
Lcks  are  merged  into  one  a  short  distance  from  the  bottom  of  the  slope,  and 

tlie  oppodte  sides  of  the  bottom  two  tracks  curve  around  into  the  gang- 
iy  on  opposite  sides  of  the  slope.  As  these  branches  curve  into  the  main 
n^MTcty  tracks,  a  switch  sends  off  a  side  track  for  the  empty  cars.  The 
^itcli  on  the  slope  is  either  set  by  the  car— and  this  can  be  done  because 
e  next  loaded  goes  up  on  the  same  side  on  which  the  last  empty  descended 
or  by  a  lever  located  at  the  bottom. 

It  -will  at  once  be  seen  that  in  this  plan  no  opportunity  is  afforded  of 
indling  the  cars  by  gravity.  The  curved  branches  are  made  nearly  level, 
id  tlie  momentum  of  the  descending  car,  if  quickly  detached,  is  often 
ifficient  to  carry  it  partly  or  wholly  around  the  curve,  even  against  a  slight 


Fig.  14. 


adverse  grade.  The  disadvantage  above  noted  of  having  the  bottom  in 
direct  line  with  the  slope  (where  there  is  danger  ft*om  breakage  and  falling 
material)  also  obtains  in  this  plan. 

In  the  plan  shown  by  Fig.  13,  the  grades  may  be  so  arranged  that  the  cars 
can  be  entirely  handled  bv  eravity.  The  latches  on  the  main-slope  track 
may  be  closed  automatically  by  a  spring  or  weight,  the  loaded  car  running 
through  them  in  its  ascent  on  the  slope,  or  both  sets  may  be  operated  by  a 
single  lever  at  the  bottom.  The  switcn  at  the  upper  end  of  the  central  track 
(loaded)  is  set  by  a  hand  lever.  All  three  sets  may  be  linked  together,  so 
that  they  can  all  be  properly  set  hy  a  single  lever.  Reference  to  Fig.  11  will 
show  that  this  is  only  a  modilication  of  that  method.  It  requires  space  at 
the  bottom  for  only  three  tracks,  while  Fig.  13  requires  width  to  accom- 
modate four  tracks,  and  is  objectionable  because  it  is  more  complicated. 
The  extra  set  of  latches  at  the  top  of  the  central  track,  and  the  curvature  of 
both  main  tracks  into  this  central  one,  must  inevitably  cause  much  trouble 
and  delay  firom  cars  jumping  the  track  at  this  point. 

The  plan  shown  in  Fig.  14  is  open  to  many  of  the  objections  pertaining  to 
some  of  those  already  described,  and  which  need  not  be  reiterated  here.  It 
can  only  be  employed  in  thick  seams,  or  in  seams  of  moderate  thickness 
lying  at  a  slight  angle  or  dip. 

In  planning  the  arrangement  of  tracks  on  a  slope,  it  is  advisable  to  placp 
as  few  switches  as  posable  on  the  slope  itself,  to  keep  the  main  trar 
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unbroken,  to  make  the  tracks  as  straight  as  possible,  to  have  nothing  a 
ing  at  the  bottom  in  direct  line  with  the  slope  tracks,  and  to  anange  1 
tracks  so  that  cars  are  handled  by  gravity. 

The  arrangement  of  tracks  near  the  top  of  the  slope,  and  on  the  s 
is  often  very  similar  to  the  bottom  arrangements,  as  already  described;  1 
as  all  loaded  cars  (except  rock  and  slate  cars,  which  are  run  o£f  on  a  sepaii 
switch)  are  to  be  sent  off  on  one  track,  and  all  the  empties  come  in  onti 
same  track  to  the  head  of  the  slope,  and  as  there  is  usually  abundaneel 
room  for  tracks  and  sidings,  these  top  arrangements  are,  in  a  mecusiire,  moT 
more  easily  designed.  In  some  instances,  the  two  main-slope  tracks  il 
into  a  single  track  near  the  head  of  the  dope— a  plan  somewJhat  similar  i 
the  bottom  arrangement  shown  by  Fig.  12— and  the  cars  axe  then  brought  I 
the  sur£EU3e  on  one  track,  which,  after  passing  the  knuckle,  bifurcates  into^ 
loaded  and  empty  track.  A  similar  arrangement  is  frequently  adopted  i 
slopes  on  which  a  carriage  or  gunboat  is  used.  When  tne  two  mam-slof 
tracks  are  continued  up  over  the  knuckle  to  the  surface— the  most  con 
and  best  plan— the  arrangement  of  tracks  and  switches  may  be  pla 
entirely  with  a  view  to  the  quickest  and  most  economical  method 
handling  the  cars. 

Vtrtioai  Curvts.— The  vertical  curves  at  the  knuckle  and  bottom  of  a  slope 
or  plane  should  have  a  sufficiently  laree  radius,  so  that  when  passing  over 
them  the  car  will  rest  on  the  rail  witn  both  fh>nt  and  back  wheels.  The 
wheel  base  of  the  car  must  be  considered  in  adopting  the  radius  for  these 
curves,  for  if  the  curve  is  of  too  short  a  radius,  there  is  danger  of  the  car 
jumping  the  track  every  time  it  passes  over  the  curve. 

Tracks  for  Bottom  of  Shaft.— Fig.  15  shows  the  arrangement  of  tracks  at  the 
foot  of  a  shaft,  with  one  of  the  cages  at  surface.  The  grades  should  be  so 
arranged  that  from  the  inside  latches  of  the  crossings  the  empty  track 
should  have  a  slight  down  grade  from 
the  shaft,  and  the  loaded  track  a  slight 
down  grade  toward  the  shaft.  The  cross- 
ings and  the  short  straight  piece  of  road 
close  to  the  shaft  should  be  level. 

As  it  is  often  desired  to  move  empty  Fig.  15. 

cars  f^om  one  side  of  the  shaft  to  the 

other,  without  stopping  the  hoisting,  a  narrow  branch  road  should  be  cut 
through  the  shaft  pillar,  and  used  for  this  purpose.  Where  the  pitch  of  the 
seam  prevents  this,  a  road  should  be  laid  alongside  the  shaft,  room  to 
accommodate  it  being  cut  out  of  the  rock  on  the  side  most  desirable.  (See 
also  Shaft  Bottom,  page  276.) 

In  arranging  tracks  for  shaft  bottoms,  at  tops  and  bottoms  of  slopes,  on 
coal  bins,  for  mechanical-haulage  landings,  at  foot  of  slopes  or  shafts,  or  in 
the  body  of  the  mine,  it  is  customary  to  provide  double  tracks  of  sufficient 
length  to  hold  the  requisite  number  of  wagons  for  economically  operatine 
the  plant  and  with  sufficient  distance  from  center  to  center  of  tracks,  ana 
fi-om  centers  of  tracks  to  sides  of  entries,  to  easily  pass  atound  the  wagons 
where  it  may  be  necessary,  either  in  handling  them,  or  in  lubricating  the 
wheels.  For  wagons  with  a  capacity  of  fh)m  li  to  2  tons,  it  genc^lv 
requires  an  entry  to  be  about  15  to  17  ft.  wide  in  the  clear  for  ordinary  land- 
ings in  the  body  of  the  mine,  while  at  shaft  bottoms  the  necessary  width 
may  attain  17  to  18  ft.  in  the  clear,  owing  largely  to  location  and  IocbH 
requirements.  The  curved  crossovers  connecting  the  tracks  at  shaft  bot- 
toms should  be  designed  with  radii  of  as  great  length  as  can  be  introduced, 
thereby  giving  an  easy  running  track.    Tney  should  not  be  less  than  fh)m 


20  to  50  ft.  on  center  lines  for  ordinary  gauge  of  tracks,  i.  e.,  36  to  44  in. 

On  landings  constructed  in  the  body  of  the  mine  for  the  reception  of 
empty  and  fttll  wagons  handled  by  mechanical  haulage  ftom  shaft  or  slope, 
and  from  this  point  transported  by  animal  power  to  the  various  workini; 

E laces  In  the  mme,  a  grade  of  about  1^  in  favor  of  the  loaded  wagons  to  be 
andled  by  the  stock  will  be  found  quite  an  assistance  in  delivering  the 
wagons  to  the  haulage.  The  frogs  and  switches  for  these  landings,  as  well 
as  those  required  at  the  shaft  or  slope,  should  be  formed  of  regular  track 
rails,  and  can  generally  be  arranged  to  be  thrown  by  a  spring  or  a  con- 
veniently located  hand  lever,  as  has  been  described,  instead  of  being  kicked 
to  position,  as  was  the  custom  at  one  time. 

Besides  these  usual  arrangements  of  shaft-bottom  landings,  at  many 
plants  the  natural  grades  of  the  entries  can  be  taken  advantage  of  in 
^<;signing  convenient  and  economical  methods  for  handling  the  mine  care. 
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'oar  instance,  where  the  coal  is  to  be  hauled  firom  the  dip  workings  of  a 
:xi  ia.e  by  some  form  of  mechanical  haulage,  and  a  sunmiit  can  conveniently 
f^^  skrranged  for  in  the  track  on  the  same  side  of  the  hoisting  shaft,  at  the 
»x>oper  distance  therefrom,  to  accommodate  the  requisite  number  of  loaded 
vsL^ona  to  be  hauled,  thus  allowing  them  to  run  by  gravity  over,  say.  a 
.^  SP*ade  to  the  shaft,  several  varieties  of  empty-track  arrangements  can  oe 
axaL<5e.  The  most  simple  form  is  to  have  the  empty  wagon  descend  a  short 
?i~axie  of  from  4^  to  5^  when  pushed  from  the  cage  by  the  succeeding  fUU 
>xxe.  The  momentum  thus  secured  is  quite  sufficient  to  carry  the  car  up  an 
apposing  grade  of  about  l.&^.  It  agitin  descends  on  the  same  track,  and 
^etsslng  through  an  automatic  switch,  continues  to  the  empty-car  siding. 
Firom  this  latter  point  it  is  handled  by  the  regular  haulage  machinery,  and 
irL  its  route  passes  around  the  shaft  through  an  entry  especially  prepared  for 
t^li.18  arrangement.  A  shaft  bottom  so  constructed  is  very  economical  to 
op»erate,  requiring  but  few  men  to  handle  the  wagons. 

Occasionally,  it  becomes  more  expedient  to  have  a  separate  short  haulage 
to  draw  the  empty  wagons  to  the  main  haulage  when  it  cannot  be  easily 
Airraiiged  to  construct  a  complete  gravity  landing.  Several  other  modifica- 
tions of  such  a  general  dedgn  can  be  made.  All  the  different  devices, 
Ixowever,  depend  largely  on  the  local  requirements  of  the  particular  mine 
under  consiaeration. 

When  endle&s-rope  haulage  is  employed,  it  is  generally  found  to  be  most 
convenient  to  have  the  landings  for  flill  and  empty  wagons,  in  the  body  of 
tlie  mine,  reached  by  switches  off  of  the  main-haulage  track,  the  cars 
coming  on  and  leaving  the  main  track  at  slight  knuckles  introduced  in  the 
track,  m  order  to  allow  a  place  for  the  passing  of  the  rope,  which  then 
xDoves  along  through  a  short  cut  or  channel  through  the  switch  rails. 
Xhe  flanges  of  the  wagons  pass  over  the  rope  in  this  manner  without  any 
injury  to  it. 

Surfact  Tracks  for  Slopas  and  Shafts.— The  arrangement  of  the  tracks  on  the 
surface  naturally  differs  at  every  mine,  owing  to  the  diflterent  existing 
conditions.  All  surfieice  roads  should  be  so  arranged  that  the  loaded  cars  can 
l5e  moved  with  the  least  possible  power,  always  looking  out  for  the  return  of 
the  empties  with  as  little  expenditure  of  power  as  possible.  To  secure  the 
running  of  the  loaded  cars  from  the  mouth  of  the  shaft  or  slope  by  gravity,  a 
slight  grade  is  necessary,  the  amount  of  which  depends  on  the  fnction  of 
the  cars,  which  varies  greatly.  Care  should  be  take  that  an  excessive  grade 
is  not  constructed,  or  there  will  be  trouble  in  returning  the  empties  firom  the 
dump  to  the  head  of  the  shaft  or  slope. 

The  tracks  connecting  the  top  of  the  shaft  and  the  tipple  may  be  very 
short,  or  of  considerable  length,  depending  on  the  conditions  at  each  mine. 
Usually  from  20  to  60  ft.  win  be  sufficient,  although  no  definite  rule  can  be 
given  for  this. 

There  are  two  general  arvahgements  of  tracks  about  the  head  of  a  shaft: 
First,  where  the  loaded  cars  are  removed  from  the  cage  and  the  empty  cars 
placed  upon  it  from  the  same  side  of  the  shaft;  second,  where  the  loaded 
cars  are  removed  from  one  side  of  the  shaft  and  the  empty  cars  returned  to 
the  cages  from  the  opposite  side  of  the  shaft. 

In  either  case  there  are  usually  several  empty  cars  on  the  platform  ready 
to  be  ptft  on  the  ca^es  when  the  loaded  cars  have  been  removed. 

Where  the  conditions  are  such  that  the  loaded  cars  can  be  run  by  gravity 
to  the  dump,  a  good  plan  is  to  have  a  short  incline,  equipped  with  an  endless 
chain,  in  the  empty  track.  The  empty  cars  can  be  run  to  the  foot  of  this, 
hoisted  by  machinery  to  the  top,  and  tnus  gain  height  enough  to  run  them 
back  to  the  shaft  or  slope  by  gravity. 

At  the  Philadelphia  &  Reading  Coal  &  Iron  Co.'s  EUangowan  colliery, 
where  the  tipple  at  the  head  of  the  breaker  is  above  the  level  of  the  head 
of  the  shaft,  the  following  plan  is  used:  The  loaded  cars  are  taken  off" 
the  east  side  of  the  cages,  and  run  by  gravity  to  the  foot  of  an  incline, 
where  the  axles  of  the  car  are  grasped  by  hooks  on  an  endless  chain 
and  the  car  pulled  up  to  the  tipple.  After  being  dumped,  the  car  is  run 
back  from  the  tipple  to  the  head  of  the  incline,  and  is  carried  to  the 
foot  of  the  empty  track  of  the  incline  by  an  endless  chain.  The  foot  of 
the  empty  track  is  several  feet  higher  than  that  of  the  loaded  track,  and  the 
cars  are  run  by  gravity  around  to  the  west  side  of  the  cages,  and  are  put  on 
from  that  side.  The  empty  cars,  as  they  run  on  the  cage,  have  momentum 
enough  to  start  the  loaded  car  off"  the  cage  and  on  toward  the  foot  of  the 
jncline.    There  are  a  number  of  hooks  attached  to  both  the  empty  anc* 
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loaded  chain  on  the  incline,  and  there  are  often  several  loaded  and  several 
empty  cars  on  dififerent  parts  of  the  plane  at  once.»  This  arrangement 

Senmts  of  the  hoisting  of  horn  700  to  800  cars  per  day  out  of  a  shaft  110  yd. 
eep,  with  single-deck  cages. 
Another  excellent  arrangement  for  handling  coal  on  the  surface  is  the 
invention  of  Mr.  Robert  Ramsey,  and  has  been  adopted  by  the  H.  C.  Frick 
Ck)ke  Co.  and  a  number  of  other  prominent  operators.  A  description  of 
this  arrangement  as  applied  at  the  H.  C.  Frick  Coke  Co.'s  Standard  Shaft 
is  as  follows:  The  landing  of  the  shaft  is  made  slightly  higher  than  the  level 
of  the  tipple,  which  is  north  of  the  shaft.  South  of  the  shaft  is  located  a 
double  steam  ram,  one  ram  being  directly  in  line  with  the  track  on  each 
cage.  Directly  in  fxoiii  of  the  rams  is  a  transfer  truck,  worked  east  and 
west  by  wire  rope.  The  loaded  car  on  the  cage  is  run  by  gravity  to  the 
tipple,  where  it  is  dumped  by  means  of  a  nicely  balanced  dumping  arran^ 
ment.  As  soon  as  it  is  empty  it  rights  itself  and  runs  by  gravity  alongside 
the  shaft  to  the  transfer  truck,  which  carries  it  up  a  grade  to  a  point  directly 
in  line  with  the  cage  that  is  at  the  landing,  and  one  of  the  steam  rams 
pusfties  it  on  the  cage,  and  at  the  same  time  starts  the  loaded  car  off  toward 
the  tipple.  This  second  loaded  car  is  then  returned  by  the  same  means  to 
the  opposite  cage.  The  whole  mechanism  is  operated  by  one  man,  by  means 
of  conveniently  arranged  levers,  each  of  which  is  automatically  locked, 
except  when  the  proper  time  to  use  it  arrives.  It  is  therefore  impossible 
for  the  topman  to  work  the  wrong  lever  and  put  an  empty  car  into  the 
wrong  compartment  of  the  shaft.  Besides  the  one  man  at  the  levers,  there 
is  but  one  other  man  employed  at  the  tipple,  and  his  work  is  solely  to  look 
after  the  cars  when  dumping.  All  switches  are  worked  automatically,  and 
the  average  hoisting  at  this  shaft  is  at  the  rate  of  3  wagons  per  minute.  The 
shaft  is  about  250  ft.  deep,  and  single-deck  cages  are  used. 

The  Lehigh  &  Wilkes-Barre  Coal  Co.  has  a  system  in  use  at  a  number  of 
collieries  that  has  also  proven  very  effective.  In  this  system  the  loaded  cars 
are  run  by  gravity  f^om  the  cage  to  the  dump,  and  the  empties  are  hauled 
fh)m  the  dump  back  to  a  transfer  truck  by  a  system  of  endless-rope  haulaf^e. 
The  transfer  truck  carries  the  car  to  a  point  opposite  the  back  of  tne 
cage.  The  empty  car  runs  by  gravity  to  the  cage,  and  its  momentum  starts 
the  loaded  car  on  tjie  cage  on  its  way  to  the  dump.  This  system  necessi- 
tates the  employment  of  more  topmen,  but  is  a  very  good  one.  At  the  Not- 
tingham shaft,  which  is  470  ft.  from  landing  to  landing,  fh)m  140  to  150  cars 
per  hour  are  hoisted  on  single-deck  cages. 
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CRUSHING  MACHINERY. 

The  objtet  of  crushing  ore  or  coal  is:  first,  to  free  the  mineral  or  other 
valuable  constituents  from  the  gangue,  slate,  pyrites  (sulphur),  or  other 
worthless  or  objectionable  constituents  so  that  they  can  be  subsequently 
separated;  or,  second,  simply  to  reduce  the  size  of  the  individual  pieces  and 
so  get  the  material  into  a  more  salable  or  convenient  condition  for  use. 

S«l«etion  of  •  Crusher.— The  style  of  crusher  employed  is  influenced  by  the 
followina:  conditions:  (a)  The  amount  of  material  to  be  crushed  in  a  given 
time.  (5)  The  size  of  the  material  as  it  goes  to  the  crusher,  (c)  The 
physical  characteristics  of  the  material  to  be  crushed;  that  is,  whether  it  is 
hard  or  soft,  tough  or  brittle,  clayey  or  sticky,  id)  The  object  of  the  crush- 
ing; that  is,  whether  it  is  to  free  the  mineral  constituents  or  simply  to  reduce 
the  size  of  the  individual  pieces,  {e)  The  character  of  the  product  desired; 
that  is,  whether  an  approximately  sized  product  is  desirable  and  whether 
dust  or  fine  material  is  objectionable. 

All  crushing  machinery  may  be  divided  into  the  following  classes:  Jaw 
crushers,  gyratory  crushers,  cracking  rolls,  disintegrating  rolls,  crushing 
rolls,  roller  mills,  ball  mills,  stamp  mills,  hammers,  and  miscellaneous 
forms  of  crushers. 


CRUSHING  MACHINERY. 
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JAW  CRUSHERS. 

With  jaw  crashers,  the  material  is  crashed  l)etween  two  jaws,  one  or 
both  being  movable.  All  jaw  crushers  have  the  common  defect  of  imparting 
a  considerable  amount  cf  vibration  or  shake  to  the  fl-amework  of  the  build- 
ing containing  them,  owing  to  the  reciprocating  motion  of  the  heavy  masses 

that  comprise  their  crash- 
ing parts.  There  are  three 
styles  of  jaw  crushers  in 
common  use. 

The  Biske  crushtr  is 
shown  in  Fig.  1,  a  being  a 
fixed  jaw  and  b  a  movable 
jaw  that  is  operated  by  a 
toggle  joint  and  the  pitman 
d  from  a  suitable  crank- 
shaft. The  jaw  h  is  hung 
or  pivoted  at  the  top.  The 
advantages  of  this  style  are 
as  follows:  The  large  pieces 
of  rock  to  be  crashed  are 
received  between  the 
unper  part  of  the  jaws, 
where  the  motion  is  least 
and  the  purchase  or  lever- 
age greatest,  so  that  they 
are  broken  with  the  small- 
est possible  expenditure  of 


Fig.  1. 


energy.  The  movement  of  the  jaws  is  greatest  at  the  discharge  opening, 
thus  affording  a  free  and  rapid  discharge  of  the  material  crushed,  and 
insuring  a  large  capacity  for  tne  machine.  The  principal  disadvantage  is 
that  the  great  variation  in  the  discharge  opening  results  in  a  considerable 
range  in  tne  size  of  the  material  delivered. 

This  style  of  crasher  has  found  a  wide  field  for  breaking  down  material 
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and  preparing  it  for  other  crushers,  or  for  breaking  large  quantities  of  any 
material  where  an  approximate  sizing  is  not  essential. 

The  Dodg«  orusher.  Fig.  2,  has  a  fixed  jaw  a  and  a  movable  law  b,  operated 
by  a  cam  on  the  shaft  g.  The  movable  jaw  is  pivoted  at  the  bottom,  so  that 
the  minimum  movement  between  the  jaws  is  at  the  discharge  opening.  The 
Advantage  of  this  is  that  the  least  movement  occurs  at  the  discharge  opening 
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and  hence  the  product  is  of  a  fairly  uniform  size,  so  that  the  crusher  maj 
be  used  as  a  rough  sizing  apparatus.  The  disadvantages  are  that  the  laigf 
pieces  of  rock  have  to  be  crushed 
in  the  upper  part  of  the  spape 
between  the  jaws,  where  the 
motion  is  greatest  and  the  pur- 
chase or  leverage  least,  thus  re- 
quiring an  excessive  amount  of 
power,  especially  when  dealing 
with  hard  material.  The  move- 
ment of  the  jaw  at  the  discharge 
opening  is  so  much  less  than 
that  above  that  there  is  danger 
of  clogging  or  blocking  the  ma- 
chine, esi)ecially  when  working 
upon  tough  or  sticky  material.  Fig.  2. 

The  capacity  of  the  Dodge  style 

of  machine  is  less  than  that  of  the  Blake.  It  is  used  largely  as  a  secondarv 
crusher,  or  for  crushing  comparatively  small  amounts  of  material  where  aD 
approximately  sized  product  is  desirea. 

The  Dodge  Crusher. 


as   . 

"S 

"a; 

S5_: 

Is 

K 

No. 

II 

P 

is 

IS 

2 

c 

2 

cc 

Inches. 

Inches. 

W^ 

IS 

'53 

Inches. 

1 

4X   6 

20 

4 

2to   4 

itol 

275 

1,200 

2 

7X   9 

24 

5 

4to   8 

lto3 

235 

4,300 

3 

8X12 

30 

6 

8  to  12 

2  to  5 

220 

5,600 

4 

10X16 

36 

8 

12  to  18 

5to8 

200 

12,000 

Roil-Jaw  crushers,  Fig.  3,  have  a  movable  jaw  that  has  a  rocking  or  rolling 
motion,  subjecting  the  material  to  a  rolling  and  squeezing  action  instead  of 
a  direct  squeeze.  The  advanta^^es  are  that,  owing  to  the  peculiar  motioii 
of  the  movable  jaw,  the  material  is  cruised  with  comparative  ease,  and 

that  the  product  is  approxi- 
mately sized.  The  disadvan- 
tages are  that  the  dischai;ge  is 
so  small  that  there  is  danger 
of  blocking  the  machine,  and 
the  capacity  is  small  when 
.  •  compared  with  the  Blake 
crusher.  The  Sturtevant  roll- 
jaw  crusher  and  the  Schranz 
rock  breaker  work  on  this  prin- 
ciple. 

Gyratory  Crushers.— These 
crushers.  Fig.  4,  are  all  large 

SjmTfmjna  capacity,  continuous-action 
^"^'S''^*^*''^  crushers,    a  is  a  ring  or  hopper 
against  which  the  material  is 

._      „  crushed  by  a  conical  head  c. 

*  IG.  3.  which  fits  on  a  shaft  g,  the 

^  .    ^      .  ,^  ^  .^  bottom  of  which  is  placed  in 

an  eccentric  bearing  so  that  the  amount  of  space  between  a  and  c  varies 
as  the  head  rotates.  The  material  to  be  crushed  is  dumped  into  the  receiv- 
ing hopper  h,  and  the  machine  is  thus  automatically  fed. 
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The  advantages  of  this  style  are  that  the  large  pieces  of  material  are 
received  at  the  top  of  the  jaws,  where  the  motion  is  least  and  the  leverage 
or    purchase  greatest,  thus  reducing  the  work   necessanr  in   this  heavy 

preliminary  crushing.  The  relative  move- 
ment between  the  crushing  members  is  a 
maximum  at  the  discharge  opening,  but 
the  amount  of  this  movement  is  so  small 
that  the  product  is  approximately  sized. 
The  fact  that  the  maximum  movement  is 
at  the  point  of  discharge  assures  a  ftee 
discharge.  There  is  practicallv  no  shaking 
imparted  to  the  building  by  gyratory 
crushers.  Their  capacity  is  verv great,  and 
with  a  large  size,  material  may  be  dumped 
into  the  hopper  h  directly  from  the  cars. 
For  sniall  capacity  a  gyratory  crusher  is 
more  expensive  than  a  jaw  crusher. 

Frequently,  where  very  great  amounts 
of  material  are  to  be  crushed,  large  gyra- 
tory crushers  are  used  as  secondary  crush- 
ers after  jaw  crushers  of  the  Blake  pattern, 
the  discharge  from  the  jaw  crushers  ran- 
ging from  6"  to  12"  cubes,  and  that  from  the 
gyratory  crushers  ftt)m  It"  to  2^"  cubes. 
(See  table  on  page  422). 


ROLLS. 

Cracking  Roiis.— This  is  a  general  name 
applied  to  rolls  having  teeth,  which  are 
usually    made    separate    and    inserted. 
These    rolls.    Fig.   5,    are   employed  for 
FiQ.  4.  breaking  coal,  phosphate  rock,  etc.,  the 

object  being  K  to  break  the  material  into 
angular  pieces  with  the  smallest  possible  production  of  very  fine  material. 
The  principal  field  for  cracking  rolls  is  in  the  preparation  of  anthracite 
ctml,  and  the  exact  style  or  design  of  the  roll  depends  largely  on  the 
physical  condition  of  the  coal  under  treatment.  In  most  cases,  the  rolls 
are  constructed  with  an  iron  cylinder  having  steel  teeth  inserted,  the 
size,  spacing,  and  form  of  the 
teeth  depending  on  the  size 
and  physical  condition  of 
the  material  to  be  broken. 
Cracking  rolls  vary  from  12 
to  48  in.  in  diameter  and 
from  24  to  36  in.  in  face 
width.  The  teeth  of  the 
larger  sizes  are  from  3  to  3i 
in.  high,  and  of  the  smaller 
1  in.  or  less. 

The  average  practice  in 
the  anthracite  regions  of 

Pennsylvania  is  to  give  the 

points  of  the  teeth  a  speed  of 

about  1,000  ft.  per  minute, 

though  the  speea  in  diflferent 

cases  varies  rrom  750  to  1,200 

ft.  per  minute.    One  of  the 

largest  anthracite  companies 

has  a  standard  roll  speed  ot 

97.5  R.  P.  M.  for  the  main 

rolls  and  124.5  R.  P.  M.  for 

the  pony  rolls.    The  harder 

the  coal,  the  faster  the  rolls 

can  be  run.    If  run  slow  and  overcrowded,  the  rolls  will  make  more  culm 

than  when  driven  at  a  proper  speed.    One  advantage  of  comparatively 

fast  driven  rolls  is  that  the  higher  speed  has  a  tendency  to  free  the  rolls 

by  throwing  out,  by  centriftigal  force,  any  material  lodged  between  the 
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teeth.  In  one  test 
it  was  found  that 
less  tine  coal  was 
produced  at  800  It. 
per  minute,  but 
that  the  rolls 
blocked  at  this 
speed  and  hence 
had  to  be  driven 
1,000  ft.  per  minute. 

In  one  case  a 
pair  of  main  rolls 
24  in.  in  diameter, 
36  in.  face,  running 
at  1,000  ft.  per  min- 
ute, handled  2,500 
tons  of  coal  in  24 
hours.  A  pair  of 
ly/  X  24"  main 
rolls  run  at  1,000  ft. 
per  minute  handled 
900  tons  mine  run 
in  10  hours. 

A  well-known 
maker  of  rolls  for 
crushing  bitumi- 
nous coal  gives  a 
speed  of  100  to  150 
K.  P.  M.,  according 
to  the  output  re- 
quired, for  rolls  24 
in.  in  diameter  and 
33  in.  lon^.  As  a 
rule,  cracking  rolls 
are  never  run  up  to 
their  full  capacity, 
as  is  the  case  with 
crushing  rolls. 

The  jarm,  of  the 
teeth  varies  greatly, 
but,  as  a  rule,  the 
larger  rolls  have 
straight  pointed 
teeth  of  the  spar- 
row-bill or  some 
similar  form,  Fig.  6 
a.  The  old  curved, 
or  hawk-billed, 
teeth,  Fig.  6  6,  have 
now  gone  almost 
wholly  out  of  use. 

On  small  sized 
rolls,  rectangular 
teeth  with  a  height 
equal  to  one  side  of 
the  square  base  are 
frequently  em- 
ployed, and  these 
may  be  cast  in  seg- 
ments of  manga- 
nese or  chrome 
steel. 

Corrugated  rolls 
have  teeth  or  cor- 
rugations extend- 
ing their  entire 
ength.  They  were 
irst  introduced  by 


8« 


'I 
«■ 
c 

08 

5 


-(•i<<aoiooo 


iss^gs^g 


e3       O 


t55 


JO  T{):8U91 


-dumij 
JO  qiPIAl 


'jdddoH 
dox  oi  amui  J 

raoj^off 
raojj  ^qaiOH 


JO  8ao|)n[OAdH 


^SSS^SSS 


Saff5?S8S8g 


^^^ss^ggll 


^S5SS9SS!5SS 


^^^^^^^^Z^ 


ii^^ifgiii 


pi 


•8J0  JO  :jiooh  jo  jajOflJBqo 

o%  :Suipjo9ay  'JSujh  '"I  ^Z 

auissBj  -qi  OOO'Z  JO  BUOi 

uj  'jnoH  ^^  Aipwi«o 


OI«Ot<-aOQe4-^«O00 


tH  rH  1-4  pH  rH  C« 


':SS^2^g§S99$ 


!inociy  'pauTq 

-raoo  sisaiuado  3ui 

-ApodH  awqx  Jo 

8no|Suam|(i 


^noqv 

'JSnraado  3ut 

-AiaoaH  q»^  Jo 

snoisnamia 


•azTS 


*S?Jg9SS 


xxxxxxxxxx 


xxxxxxxxxx  ' 

M -^Jt  lO  «0 1*  00  Q  »H  3  2 


^oiHcieo'^io<ot«co 


ROLLS. 


423 


[r.  E.  B.  Coxe,  at  Driflon,  Pa.,  but  they  have  not  come  into  general  use 
wiug  to  the  fact  that,  while  they  break  some  coal  fairly  well,  in  most 
ises  it  lias  been  found  that  a  continuous  edge  causes  too  much  disinte- 
ratiou  along  its  length,  while  a  point  splits  the  coal  into  three  or  four 
ieces  only,  all  the  cracks  radiating  from  the  place  where  the  point  strikes, 
lus  producing  very  much  less  culm.  Another  advantage  possessed  by  the 
>othecl  rolls  is  that  if  anything  hard  passes  through  the  corrugated  roll 
nd  breaks  out  a  piece  of  the  corrugation,  the  entire  roll 
( niined,  while,  in  the  case  of  the  toothed  rolls,  any  one 
f  the  teeth  may  be  replaced. 

Disintegrating  rolls  snd  pulverizers  are  sometimes  used  to 
educe  coking  coal  to  the  size  of  com  or  rice  before  intro- 
ucing  it  into  the  ovens.  One  roll  is  driven  at  double  the 
peed  of  the  other,  the  slower  roll  acting  as  a  feed-roll,  and 
t\e  other  as  a  disintegrator.  The  slower  roll  is  commonly 
Iriven  at  from  1,800  to  2,000  ft.  per  minute  peripheral 
peed,  and  the  faster  roll  at  from  3,600  to  4,000  ft.  per  mi- 
lute.  The  teeth  are  always  fine,  rarely  being  over  |  in. 
dgh.  In  some  cases,  the  inner  roll  is  provided  with  a 
eries  of  saw  teeth  from  i  in.  to  f  in.  hi^h  and  having 
ibout  i  in.  pitch,  the  individual  teeth  being  set  so  as  to 
brm  a  slight  spiral  about  the  body  of  the  roll.  The  other 
t)!!  is  provided  with  teeth  having  their  greatest  dimension 
n  the  direction  of  rotation,  so  that  they  tend  to  cross  the  teeth  on  the  opposite 
x>ll.  These  teeth  are  also  set  so  as  to  form  a  slight  spiral,  and  thus  prevent 
)lockingr.  In  other  cases,  the  teeth  on  both  rolls  are  set  in  the  form  of 
luite  a  steep  spiral. 

Hammers.— For  the  reduction  of  coal,  crushers  emplo3ring  hammers  have 
been  used.  Fig. 7.  The  crushing  chamber  is  usually  of  a  circular  or  barrel  form, 
tind  the  crushing  is  done  by  means  of  hammers  pivoted  about  a  central  shaft. 
These  swing  out  by  centrifugal  force  and  strike  blows  upon  the  coal  to  be 
broken,  wiien  it  is  reduced  sufficiently  fine,  it  is  discharged  through  bars 
or  gratings  at  the  lower  portion  of  the  machine.  This  style  of  machinery  is 
usually  employed  in  preparing  coal  for  coke  ovens,  thus  occupying  the  same 

field  as  the  disinteg^rating 
rolls,  A  No.  3  pulverizer  of 
this  type  will  crush  50  to  75 
tons  per  hour  run  of  mine, 
down  to  i  in.,  or  it  will  crush 
100  tons  per  hour  of  slack. 
Such  a  machine  occupies 
about  8  sq.  ft.  of  floor  space 
and  requires  25  to  30  H.  F.  to 
run  it. 

Crushing  Rolls.— The  prin- 
cipal representative  of  this 
type  of  machine  is  the  ordi- 
nary Cornish  roll  having  a 
fairly  wide  face  and  rather 
small  diameter.  The  diam- 
eter of  these  rolls  was  kept 
down  for  a  great  many  years 
on  account  of  the  fact  that 
the  chilled  cast-iron  shells 
could  not  be  obtained  in 
large  sizes  and  were  expen- 
sive and  hard  to  handle. 
With  the  advent  of  the  rolled- 
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steel  shells,  it  became  possible  to  employ  larger  diameters  and  higher 
speeds.  Rolls  of  the  Cornish  tvpe  vary  from  4'' face  and  9"  diameter  to 
16"  face  and  42"  diameter.  The  distinctive  feature  of  the  Cornish  roll 
is  a  comparatively  wide  face  compared  with  the  diameter,  and  a 
rather  slow  peripheral  speed.  Many  of  the  modern  Cornish  rolls  are 
provided  with  rolled-steel  shells,  especially  when  employed  for  very  fine 
crushing,  owing  to  the  fact  that  these  shells  are  of  a  more  uniform 
texture,  work  more  evenly,  can  be  worn  much  thinner  before  being 
discarded,  and  can  be  trued  up  with  less  difficulty  than  is  the  case 
when  chilled  iron  is  employed.    To  guard  against  the  bending  of  the  roll 
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shaft  or  breaking  of  the  machine  in  case  any  hard  material  (such  as  a  pick 
or  hammer)  gets  between  the  rolls,  one  roll  is  mounted  in  a  movable 
bearing  and  kept  in  place  by  a  compressed  spring  washer.  This  washer  is 
composed  of  two  plates  between  which  are  placed  one  or  more  steel  springs. 
The  plates  are  kept  together  by  several  small  bolts,  which  are  screwed 
up  so  as  to  compress  the  springs  to  a  certain  degree.  Then  the  entire 
arrangement  is  employed  as  a  washer  on  the  rod  that  keeps  the  rolls 
together.  Should  tne  pressure  exerted  on  the  rolls  exceed  that  already 
exerted  in  the  spring,  the  plates  would  be  brought  nearer  together  and  the 
roll  allowed  to  move  back  and  pass  the  hard  substance,  but  at  any  pressure 
below  this,  the  roll  acts  as  if  placed  in  a  fixed  bearing. 

Cracking,  corrugated,  and  disintegrating  rolls  are  usually  provided  with 
breaking  pieces  back  of  one  of  the  rolls,  so  that  in  case  any  extra  hard  piece 
passes  through  the  rolls,  the  breaking  piece  will  give  way,  allowing  the 
rolls  to  move  back  and  thus  prevent  the  bending  of  the  shaft  or  breaking 
of  the  machine  itself.  Compressed  spring  washers  have  never  come  into 
general  use  in  connection  with  this  style  of  machinery. 

Amount  Crashed.— The  amount  of  material  that 
can  pass  between  any  pair  of  rolls  is  proportionate 
to  the  number  of  square  feet  of  roll  surface  passing 
per  minute;  hence,  the  capacity  may  be  increased 
by  keeping  the  face  width  the  same  and  in- 
creasing the  speed,  or  the  same  capacity  may 
be  obtained  by  reducing  the  &ce  and  increasing 
the  speed. 

According  to  Stutz  (A.  I.  M.  E.  IX,  pa^e  464). 
if  the  distance  between  the  contact  points   of 
the  material  with  the  rolls  be  t.  Fig.  8,  the  dis- 
tance between  the  crushing  face  of  the  rolls  v, 
the  angle  a,  as  shown  in  the  figure,  and  R  the  radius  of  the  roll,  then 
R  =        t  —  w       _        t  —  w 
~  2  vers,  sin  a  ~*  2(1  —  cos  a)' 
According  to  Pemolet,  the  amount  of  material  that  may  be  crushed 
by  a  pair  of  rolls  in  a  given  time  is  equal  to  one-fourth  or  one-fifth  of  a 
band  or  layer  whose  (^ngth  is  the  circumference  of  the  roll  multiplied 
by  the  number  of  revolutions;  whose  width  is  the  length  of  the  rolls, 
and  whose  thickness  is  equal  to  the  space  or  distance  between  the  rolls. 

Or,  Q  = -z — ,  where  d  =  diameter  of  rolls;  »  =  3.14;  n  =  number  of  revo- 

4 

lutions  in  the  given  time:  I  =  length  of  rolls;  w  =  space  between  rolls: 
and  i  —  coefficient,  to  allow  for  the  irregular  feeding  of  the  material  and 
the  space  between  the  pieces. 

The  Denver  Engineering  Works  gives  the  following  formulas  for  the 
capacity  of  crushing  rolls: 

T  =  tons  per  hour;  R  =  rev.  per  min.;  S  =  mesh  (inches). 

For  14"  X  27^  rolls.  T  =  7.725  RS. 

For  16"  X  36"  rolls,  T  =  11.775  RS. 

For  12"  X  20"  rolls,  T  =  .327  J2S. 
Speeds.— The  pressure  on  the  bearings  necessary  to  crush  ore  depends 
directly  on  the  face  width,  and  hence  if  the  capacity  can  be  kept  the  same 
and  the  face  width  decreased,  it  is  evident  that  there  will  be  less  pressure 
on  the  bearings  and  less  loss  in  friction.  The  difficulty  of  keeping  the 
bearings  cool  when  crushing  hard  rock  with  the  old  Cornish  rolls  has  le<l 
to  the  adoption  of  high-speed,  narrow-faced  rolls  for  certain  classes  of  work. 
One  objection  to  running  the  small  diameter  rolls  fast  is  that  the  larger 
pieces  of  ore  have  a  tendency  to  dance  on  the  face  of  the  rolls  rather  than 
to  be  crushed,  while  the  bite  is  better  when  the  speed  is  slower. 

The  advantages  of  high-speed,  narrow-faced  rolls  are:  greater  capacity 
for  a  given  bearing  pressure;  less  loss  of  power  fh>m  friction;  less  dwcin^ 
oi  the  ore  on  the  roll  face,  owing  to  the  fact  that  the  angle  of  approach 
between  the  surfaces  of  large  rolls  is  more  acute  than  with  rolls  of  a  small 
diameter.  High-speed,  large-diameter  rolls  will  handle  coarser  material  and 
hence  make  a  greater  range  of  reduction  than  small-diameter  rolls.  The 
disadvantage  of  high-speed  rolls  is  that  they  tend  to  hammer  and  pulverize 
the  ore,  so  that  with  very  brittle  minerals  a  high  speed  may  be  detrimental. 
In  general,  it  may  be  stated  that  for  crushing  to  any  definite  size  with  the 
lowest  possible  production  of  very  fine  material,  rolls  are  the  best  form  of 
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macliiiiery  on  the  market.    For  fine  crushing  of  brittle  material,  quite  slow 
speeds  may  give  the  best  results. 

The  accompanying  table  gives  some  facts  in  regard  to  the  crushing-roll 
practice  of  several  manufacturers,  the  data  having  been  taken  from  their 
catalogues  or  other  information  furnished  by  them. 

Crushing  Rolls. 


Name. 


Frazer  &  Chalmers... 

Frazer  &  ChalmersL.. 

Earle  C.Bacon 

Sturtevant  Mill  Co. 

E.  P.  AUis  Co 


E.  P.  Allis  Co 

Colorado  Iron  Works 

Colorado  Iron  Works 


Denver  Engineering 
Works  Co 


Gates  Iron  Works  .... 


Si£e. 
Inches. 


24X8 
36X16 


44X5 
56X8 


16X3 
27X5 

20X12 
26X14 
30X14 
36X14 


20X12 
27X14 
36X16 
40X16 

36X6 
42X6 
54X8 

16.X10 

to 
42X16 

9X4 
26X15 
36X15 


Peripheral 

Speed  in 

Ft.  per  Min. 


600-1,500 

2,200-2,300 
1,000 
3,000 

800 

1,885 
600 

2,100-2,800 
350-100 
470-850 


Spring  Pres- 
sure in  Lb.  per 
In.  of  Face 
Width. 


4,000  for  hard 
quartz. 


4,000  for  hard 

rock. 

4,800  for  very 

hard  rock. 


3,500-4,500 


2,266-3,333 


Character  of 
Rolls. 


Cornish. 

Narrow  face, 
high  speed. 

Cornish. 

Special  cen- 
triftigal. 


Cornish. 


Narrow  face, 
high  speed. 

Cornish. 


Narrow  face, 
high  speed. 


Cornish. 


Cornish. 


The  Gates  Iron  Works  has  fUmished  the  following  formulas  relating  to 
crushiner  rolls,  in  which  D  =  diameter  of  roll  in  inches;  N  =  number  of 
R.  P.  M.;  8  =  maximum  size  of  ore  cube  in  inches  fed  to  the  rolls; 
Sf  =  maximum  size  of  cube  for  a  given  diameter  of  roll. 
1      16 

^  =  f  X15F2-    «'  =  -'«76Xi>. 

It  will  be  seen  from  the  first  of  these  formulas  than  N  is  an  inverse 
function  of  S,  which  agrees  with  the  results  shown  in  the  previous  diagram. 
As  a  rule,  it  is  best  not  to  try  to  run  rolls  up  to  the  maximum  size  that  they 
will  crush,  but  to  feed  smaller  material  to  them. 

The  Denver  Engineering  Works  Company  has  ftimished  the  diagram, 
Fig.  9,  and  formulas  relating  to  rolls.  This  diagram  serves  very  well  to 
illustrate  the  fact  that  small  rolls  do  not  ^p  or  crush  large  pieces  as  well 
when  running  at  comparatively  high  penpherial  speeds  as  when  running 
at  slow  speeds.  In  the  case  of  the  10"  X  16"  roll,  a  difference  of  from 
1"  to  i"  cube  size  made  a  difference  of  20  R.  P.  M.  in  order  to  obtain  the 
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most  effective  crushing  speed,  and  the  difference  between  i"  and  i"  cube 
Hizes  made  a  difference  almost  as  great.  It  will  also  be  noticed  that  the 
larger  diameters,  as,  fop  instance,  the  42"  roll,  are  not  so  greatly  affected  by 
this  cause,  owing  to  the  fact  that  the  effective  or  crushing  angle  between  the 
rolls  is  much  more  acute  than  in  the  case  of  the  smaller  diameters. 


S/^e  of  On  Feet  to  /?o//s 

Fig.  9. 


CRUSHING    MILLS. 

Radial  Roller  Mills.— In  this  type  of  mill,  the  crushing  is  performed  on  a 
ring  or  die  by  a  series  of  heavy  rolls  pressing  on  it  by  gravity.  In  some 
cases,  the  rolls  travel  around  on  the  die  and  in  others  the  die  travels  in 
relation  to  the  rolls.  Fig.  10  represents  one  form  of  Chilian  mill  that  is  the 
leading  type  of  this  class. 

The  peculiarity  of  the  ^nding  action  of  the  radial  rolling  mills  is  that  it 
is  not  a  pure  crushing  action,  but  a  triturating  or  grinding  action  as  well, 
owing  to  the  fact  that  while  the  different  portions  of  the  face  of  the  roll  are 
all  traveling  at  the  same  speed,  the  outer  portions  have  to  travel  over 
a  greater  length  of  ring  than  the  4nner  portions,  so  that  there  is  only  one 
line  along  which  true  crushing  action  occurs.  Some  manufacturers  have 
made  the  crushing  ring  and  the  rollers  both  with  coning  faces,  the  vertices 
of  both  cones  meeting  at  a  common  jpolnt.  This  has  resulted  in  a  true 
crushing  action,  but  for  some  classes  or  work  the  triturating  action  is  to  be 
preferred,  as,  for  instance,  in  the  grinding  of  silver  ores  for  the  patio  process 
of  amalgamation. 

Centrifiifsl  Roller  Mills.— In  centrifugal  roller  mills,  the  crushing  is  accom- 
plished beiween  rapidly  moving  rolls  and  the  inside  of  a  stationary  die  or 
ring.  The  Huntington  mill.  Fig.  11,  is  one  of  the  principal  representatives 
of  this  class  of  machinery.  The  rollers  c  are  supported  from  bearings  e  and 
are  carried  rapidly  around  by  means  of  the  frame  a  and  the  shaft  g.  The 
ore  is  crushed  against  the  ring  d.    In  order  to  prevent  the  accumulation 
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Fig.  10. 


•f  ore  l3elow  the  rollers,  and  to  throw  it  out  for  crushing,  scrapers  /  are  pro- 

'^iae<i.     The  crushed  ore  discharges  through  screens,  as  shown  in  the  illus- 

'ra-tioii.     There  are  many  styles  of  this  class  of  machinery  having  different 

^^^uii"k>ers  of  rollers,  varying  from  1  up,  and  some  machines  have  been  intro- 

iucecL   combining  a  portion 

of  ^lie  action  of  radial  and 

ceTi.trlfiigal    machines,   the 

fa.ces  of  the  die  or  ring  being 

slX   skxi   angle  and  the  rollers 

l>eiTx^   mounted  in  inclined 

lo^aanngs  so  that  they  tend  to 

cro^ivd.  out  and  down  upon 

tlie  Ting.    Centrifugal  roller 

mills  have  found  two  espe- 

ci&l    fields  in  concentration 

'Worts,  one  for  crushing  clay 

or    soft  ores  containing  true 

sold,  and  the  other  for  re- 

Sprinding  middlings  for  fUr- 

t^lijer  concentration.    Rolls  of 

'tlxis  type  are  also  extensively 

employed  in  grinding  cement 

etnd  phosphate  rocks. 

Ball  Mills.— There  are  two 
types  of  ball  mills:  (1)  those 
in  which  the  crushing  is  per- 
formed by  balls  traveling  in 
a  fixed  path,  and  (2)  those 
in  which  the  crushing  is  per- 
formed by  a  large  mass  of  balls  of  various  sizes  rolling  over  one  another. 
In   the  first  type  the  balls  travel  in  a  fixed  path,  track,  or  race  that 
may  be  either  vertical  or  horizontal.     Where  it  is  vertical,  the  balls 
must  be  driven  at  such  a  rapid  rate  that  their  centrifugal  force  will 
keep  them  in  contact  with  the  crushing  ring  or  track.    This  form  may  be 
likened  to  a  bicycle  ball  bearing  on  a  large  scale,  the  crashing  being 
accomplished  between  the  balls  and  the  race  or  track.    The  serious  objec- 
tion to  this  class  of  ball  mills  is  found  in  the  uneven  wear  of  both  the  balls 
and  the  race,  so  that  the  work  soon  becomes  unevenly  distributed,  and  also 
in  the  fact  that  the  balls  cannot  be  used  after  they  have  been  worn  to  a 
slight  extent. 

In  the  second  class  of  machines  the  balls  are  introduced  into  a  large 
barrel  or  chamber,  where  they  roll  over  one  another,  the  ore  being  crushed 

between  the  different  halls  and 
between  the  balls  and  the  lin- 
ing of  the  chamber.  In  this 
style  of  machine  the  crushed 
material  may  be  discharged 
through  openings  in  the  per- 
iphery or  through  openings  in 
one  end  of  the  barrel.  One 
great  advantage  with  this  style 
of  mill  is  that  the  balls  can  be 
entirely  worn  out  and  it  is 
only  necessary  to  charge  a 
sufficient  number  of  new  balls 
with  the  ore  each  day  to  make 
up  for  the  wear  of  those  in 
the  mill. 


STAMPS. 


Gravity  stamps  are  especially 

well  suited  for  material  the 

Fig.  11.  valuable  portion  of  which  does 

not  have  a  tendency  to  slime. 

The  fact  that  these  stamps  are  very  simple  in  construction,  easy  to  transport 

and  erect,  as  well  as  to  operate,  gives  tnem  a  decided  advantage  over  other 

forms  of  crushers.    Fig.  12  illustrates  a  10-stamp  battery  of  the  gravity  type. 
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Fig.  13  is  a  detail  of  the  mortar  stamp  heads  and  dies.  The  mortar  a  \b  placed 
on  a  suitable  foundation  of  timbers  o  and  the  ore  crushed  on  dies  <i  oy  the 
stamps  «,  which  are  secured  by  means  of  tapered  joints  to  the  heads  or  boeses 
h.  The  stems  e  are  attached  to  the  heads  h  and  the  whole  lifted  by  the  cams 
(shown  in  detail  in  Fig.  12).  The  cams  operate  under  tappets  on  the  stems, 
as  shown  in  Fig.  12.  As  the  cam  operates  under  the  edge  of  the  tappet,  it 
not  only  lifts  the  stamp,  but  gives  a  partial  rotation,  thus  equalizing  the  wear 
on  both  the  stamp  andf  die.  The  ore  is  fed  in  at  the  back  of  the  mortar  and 
the  crushed  material  discharged  through  the  screen,  as  shown  in  Figs.  12  and 
13.  Usually  a  single  screen  at  the  troni  is  employed,  but  sometimes  two  or 
more  upon  different  sides  of  the  mortar  may  be  introduced.  For  treating 
f^e-milling  gold  ores  in  which  the  gold  occurs  in  rather  large  grains  free 
from  iron  pyrites,  the  California  style  of  battery  was  developed,  the  charac- 
teristics of  which  are  a  small  drop  (4  in.  to  6  in.),  low  discharge  (4  in.),  a 
heavy  stamp  (750  to  1,000  lb.),  and  a  hieh  speed  or  number  of  drops  per  min- 
ute (90  to  105).  The  advantage  of  this  style  is  rapid  crushing,  out  the 
majority  of  the  gold  had  to  be  saved  on  apron  plates  outside  the  mortar. 

For  working  ores  that  contain  large  quantities  of  iron  pyrites  with  the 
gold  values  occurring  in  the  cleavage  planes  of  the  pyrites,  the  Gilpin 
County y  Colo.,  style  of  battery  was  developed.  This  is  characterized  bv  & 
high  drop  (18  to  20  in.),  a  high  discharge 
(14  in.),  a  light  stamp  (550  to  600  lb.),  and 
a  comparatively  slow  rate  of  drop  (30  per 
minute).  With  this  style  of  battery,  most 
of  the  gold  was  obtained  on  amalgamated 
plates  in  the  battery,  but  its  use  was 
accompanied    by   excessive   sliming    on 


Fig.  12. 


Fig.  13. 


account  of  the  fact  that  the  high  discharge  kept  the  material  in  the  mortar 
for  a  long  time,  and  subjected  it  to  repeated  treatment. 

Modem  practice  tends  toward  the  use  of  rather  heavy  stamps  (about 
1,000  lb.),  quick  drop  (90  to  105  per  minute),  and  low  discharge  (4  to  6  in.). 
The  advantages  are  that  the  capacity  of  the  battery  is  very  great  and  the 
sliming  reduced  to  a  minimum.  If  the  ore  contains  sulphides  carrying  gold, 
they  are  separated  by  concentration  upon  vanners  or  bumping  tables,  and 
subsequently  treated  by  chlorination  or  smelting.  If  the  apron  plates  do 
not  catch  the  major  portion  of  the  values,  the  tailings  may  be  treated  by  the 
cyanide  process.  This  last  method  is  that  employed  at  many  large  gold 
mines,  especially  those  of  the  Transvaal  in  South  Africa. 

Order  of  Drop.— There  is  much  diversity  of  practice  in  this  respect.  It  is 
desirable  to  drop  the  stamps  in  such  rotation  as  to  insure  an  even  distribu- 
tion of  the  pulp  on  the  several  dies.  Adjacent  stamps  should  not  drop  con- 
secutively, as  this  occasions  accumulation  of  the  pulp  at  one  end  of  the 
mortar,  in  consequence  of  which  the  efficiency  of  the  stamps  at  that  end  is 
reduced  by  having  a  decreased  height  of  drop  and  a  cushion  that  retards  the 
pulverization  of  the  ore.  The  stamps  at  the  other  end  of  the  mortar  have 
*^Hy  little  work,  and  are  liable  to  "  j)ound  iron."  The  order  of  drop  1,  4,  2, 5,  3 
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to  l>est  fulfil  the  requirements.  It  gives  a  good  splash  and  satisfac- 
tory results  in  other  respects.  The  order  1,  5,  2,  4,  3  is  also  extensively 
adopted.  There  are  several  other  orders  of  drops  in  use,  hut  the  two  just 
mentioned  are  generally  preferred. 

In.  larg^  mills,  the  standard  drop  is  given  as  1,  7,  3,  9,  5,  2,  8,  4, 10,  6,  with 
1,  8,  4,  10,  2,  7,  5,  9,  3,  6  as  a  close  favorite;  while  1, 6,  9,  7,  3,  2,  6, 10,  8,  4  and 
1,  5,  9,  3.  7, 10,  6,  2,  8,  4  are  used. 

Speed  of  Stamps.— Heavy  stamps  and  stamps  having  high  drops  should 
liave  correspondingly  low  speed.  With  900-  to  950-lb.  stamps,  having  6"  to  7" 
drop,  the  speed  should  be  from  85  to  95  drops  per  minute.  With  double- 
armed  cams,  the  speed  must  not  be  great  enough  to  bring  the  cam  into 
collision  with  the  falling  tappet,  i.  e.,  the  interval  between  the  revolutions 
of  ttke  cam  must  be  sufficient  to  give  the  tappet  time  to  finish  its  drop. 
Wlien  the  cam  strikes  the  descending  tappet,  a  shoe,  boss,  or  tappet  is  often 
dislodged,  and  breakage  is  imminent.  A  fast  drop  produces  a  good  spla^, 
>wliicli  is  very  desirable  for  battery  amalgamation. 

Shoes  and  Dies.— Shoes  and  dies  are  either  of  iron  or  steel.  In  most  mills, 
remote  from  foundries  where  transportation  is  an  important  item  in  the  cost 
of  shoes  and  dies,  steel  shoes  and  dies  have  replaced  those  of  iron.  Chrome 
steel  shoes  and  dies  have  been  introduced  and  have  proved  superior.  In 
some  mills,  steel  shoes  and  iron  dies  are  used.  The  iron  dies  wear  more 
evenly  with  steel  shoes  than  the  steel  dies  do.  The  life  is  about  2i  to  3  times 
tliat  of  iron  shoes  and  dies,  and  the  cost  about  twice  as  great  as  those  of  iron. 
Tlie  mixture  of  steel  (from  the  old  chrome  steel  shoes  and  dies)  with  iron 
produces  shoes  and  dies  that  wear  considerably  longer  than  those  of  pure 
iron,  and  may  be  advantageously  introduced  where  there  is  no  other  dispo- 
sition possible  for  the  old  steel,  because  of  want  of  local  fiacilities  for  the 
utilization  of  this  residue.  In  many  districts,  the  old  iron  shoes  and  dies  are 
sold  to  local  foundries  for  ftom  li  to  2  cents  per  lb. 

The  weights  of  the  shoes  bear  a  certain  relation  to  the  weights  of  the 
tappets,  stems,  and  bosses.  Chrome  steel  shoes  made  for  stamps  of  850  to 
950  lb.,  weigh  from  150  to  155  lb.,  and  measure  about  9  in.  in  diameter  by 
7i  to  8  in.  long.  The  neck  is  from  4t  to  5  in.  long,  with  a  taper  to  correspond 
to  the  socket  of  the  boss  or  stamp  head.  Iron  sn6es  are  usually  from  15  to 
20  lb.  lighter  than  the  above  weights.  The  chrome  steel  dies  weigh  from 
110  to  125  lb.,  and  measure  (where  shoes  of  the  above  dimensions  are  used) 


9  in.  in  diameter  by  4  to  4i  in.  in  height,  with  a  rectangular  foot-plate  lOi  in. 
by  9i  in.  by  k  in.  thick.  Iron  shoes  usually  weigh  from  20  to  25  lb.  less  than 
the  above  weights  for  steel. 


Life  of  the  Shoes  and  Dies.— There  are  many  conditions  that  affect  the 
durability  of  shoes  and  dies,  as,  for  instance,  the  hardness  of  the  rock,  the 
weight,  speed,  and  height  of  drop  of  the  stamp,  the  manner  of  feeding 
the  ore,  etc.  Iron  shoes  of  good  qualitv  last  from  30  to  47  days.  Old  shoes 
wear  usually  down  to  li  in.  or  1  in.  in  thickness,  and  weigh  about  25  or  40  lb. 
Old  dies  usually  wear  down  to  about  1|  in.  in  thickness,  and  weigh  from 
20  to  50  lb.  The  consumption  of  iron  or  steel  in  shoes  and  dies  depends  on 
the  character  of  the  ore  crushed.  Other  conditions  bein§r  the  same,  it  will 
depend  on  the  coarseness  of  the  stamping  and  the  height  of  discharge. 
Dies  wear  less  rapidly  than  the  shoes,  as  they  are  protected  by  the  thickness 
and  the  pulp,  which  covers  them  to  the  depth  of  rrom  li  to  3  in.  But  while 
the  actual  wear  of  dies  is  less  than  that  of  the  shoes,  the  life  of  the  dies 
is  shorter  than  that  of  the  shoes,  owing  to  the  fact  that  the  shoes  have 
several  inches  greater  length  of  wearing  part  than  the  dies.  The  con- 
sumption of  iron  for  shoes  and  dies  per  ton  of  ore  crushed  is,  in  California, 
from  U  to  3  lb.  To  obtain  the  maximum  crushing  capacity  of  the 
battery,  the  dies  must  be  kept  as  high  (with  reference  to  the  lower  edge 
of  the  screens)  as  is  compatible  with  the  safety  of  the  screens  and  with 
successful  amalgamation  in  the  battery.  To  prevent  the  pounding  of  iron, 
it  is  necessary  to  preserve  more  or  less  uniformity  in  the  level  of  the  dies. 
Should  one  die  in  the  battery  project  much  above  the  others,  little  or  no 
pulp  would  remain  upon  it.  and  tne  shoe  would  consequently  drop  upon 
the  naked  die. 

Cams,  Stamp  Heads,  and  Stoma.— Cams  and  stamp  heads  ought  to  last 
several  years.  They  are  usually  broken  through  carelessness.  The  stems 
break  at  the  socket  of  the  stamp  head.  Stems  are  reversible;  when  broken, 
they  may  be  swedged  or  planed  down  and  additional  lengths  welded  on 
when  necessary. 

Tappets.— When  there  is  much  grease  on  the  tappet  or  cam  or  when  the 
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tappets  have  so  worn  that  the  face  of  the  cam  strikes  a  grooved  instead  of  a 
level  face  on  a  tappet,  the  rotary  motion  is  greatly  impaired.  Tappets  laal  - 
for  several  years,  from  4  to  6  years  being  their  usual  life.  Sometimes  they 
are  broken  by  being  too  tightly  keyed.  When  their  faces  are  worn,  ther 
are  planed  down.  They  are  reversible,  so  that  when  one  face  lias  been 
worn  as  far  as  possible,  the  other  face  is  placed  downwards.  They  are 
usually  of  steel,  and  weigh  about  112  lb.  when  900-lb.  stamps  are  used. 

Battery  Water.— The  amount  of  water  fed  to  the  battery  depends  on  the 
character  of  the  ore  and  the  size  of  the  screen.  Clayey  and  hig^hly  sulphn- 
reted  o;'es  require  the  maximum  amount  of  water.  The  amount  of  water 
used  per  ton  of  ore  stamped  varies  from  1,000  to  2,400  gallons.  Tlie  mean 
amount  used  per  ton  of  ore  stamped  is  about  1,800  gallons.  From  I  to  U 
miner's  inches  per  battery  should  be  provided.  In  winter,  when  the  battery 
water  is  chilly,  it  should,  when  possible,  be  heated  to  tepidity,  as  this  pro- 
motes amalgamation.  A  high  temperature  should  be  avoided,  as  it  renders 
the  quicksilver  too  lively. 

Daty  of  Stampa.— The  capacity  of  gravity  stamps  varies  from  a  little  over 
1  ton  per  stamp  for  24  hours  to  as  high  as  4  tons  per  stamp  for  24  hours, 
depending  on  tne  quality  of  the  ore.  Usually,  an  average  of  from  1.7  to  2 
tons  per  stamp  for  24  hours  in  a  combination  mill  would  be  good  practice, 
while  where  the  ore  is  crushed  to  a  rather  coarse  screen  and  the  tailings 
treated  with  the  cyanide  process,  a  larger  cai>acity  is  usually  obtained. 

The  number  of  tons  of  ore  crushed  per  stamp  depends  chiefly  on  the 
weight  of  the  stamp,  the  number  of  drops  per  minute,  the  heig^ht  of  drop, 
the  neight  of  discharge,  the  size  of  the  screens,  the  width  of  the  mortar,  and 
chiefly  on  the  character  of  the  ore.  Hard  ores  and  ores  of  a  clayey  nature 
(from  the  difficulty  experienced  in  discharging  the  clayey  pulp)  decrease 
the  duty  of  the  stamps.  About  2}  tons  per  stamp  in  24  hours  is  the  average 
duty  oi  the  stamp  in  California.  The  discharging  capacity  of  a  mortar 
depends  on  the  height  and  size  of  the  discharge  opening,  the  character  of 
the  screen,  and  the  width  of  the  mortar  discharge,  as  will  be  illustrated 
from  two  well-known  mills. 

The  Homestake  Mill  uses  an  850-lb.  stamp  dropped  9  in.,  85  times  per 
minute,  developing  78,030.000  ft.-lb.  in  24  hours,  and  crushing  4i  tons  of  rock, 
or  1  ton  for  every  17,340,000  ft.-lb.  developed. 

•The  Caledonia  Mill  uses  an  8o0-lb.  stamp,  dropping  12  in.,  74  times  per 
minute,  crushing  3.3  tons,  of  rock  and  developing  90,576,000  fl.-lb.  in  24 
hours,  or  1  ton  to  every  24,447,272  ft.-lb.  developed.  Although  developing 
more  foot-pounds  in  24  hours,  and  therefore  seemingly  more  efficient,  yet  it 
crushes  less  rock  than  the  former.  The  reasons  for  this  are  (1)  that  the  rock 
is  harder  than  that  of  the  Homestake;  (2)  the  width  of  mortar  is  16  in. 
against  13i  in.;  and  (3)  the  2"  recess  for  the  8"  copper  plate  below  the  feed. 
On  the  other  hand,  the  Caledonia  has  a  lower  discharge  flx)m  the  mortar, 
using  6  in.  against  10  in.  in  the  Homestake;  but  this  advanta^  is  a^ain 
neutralized  by  a  smaller  screen,  the  Caledonia  using  258  sq.  in.  against 
376  sq.  in.  of  the  Homestake. 

Horsepower  of  Stamps.— Ihe  H.  P.  of  a  stamp  battery  = 
No.  of  stamps  Xwgt.  of  each  stamp  X  No.  of  drops  per  min.X  drop  of  each  in  in. 
12  X  33,000 

The  weight  of  each  stamp  is  equal  to  the  sum  of  the  weights  of  the  stem, 
tappet,  stamp  head,  and  shoe.  To  the  nominal  H.  P.  add  2bji  for  friction  of 
machinery  in  calculating  driving  H.  P. 

Coat  of  Stamping.— The  cost  of  stamping*  varies  from  a  little  over  J1.00 
per  ton  up.  The  Montana  Co.,  Limited,  operating  a  60-stamp  combination 
mill,  in  1888  treated  40,530  tons  of  ore  at  $1.13  per  ton.  In  Australia,  stamp- 
mill  costs  have  been  reported  varying  fh)m  $1.30  to  $2.50  .per  ton  where 
fairly  favorable  conditions  for  working  could  be  obtained.  Figures  from 
other  districts  compare  favorably  with  these,  but  it  would  be  imx)ossible  to 
give  any  absolute  rule  by  means  of  which  the  cost  can  be  determined  in 
advance,  without  an  intimate  knowledge  of  the  character  of  the  ore  and 
the  local  conditions. 

Pneumatic  Stamps.— This  is  a  name  given  to  a  form  of  larg^  capacity 

power  stamp,  the  head  of  which  is  connected  to  a  piston  in  an  air  cylinder. 

The  cylinder  is  raised  and  lowered  by  power,  the  air  forming  an  elastic 

connection  by  means  of  which  the  stamp  is  operated.    Thev  are  quite 

Ttensjvely  employed  in  crushing  tin  ore,  but  have  never  come  into  general 

for  other  purposes.    The  capacity  is  as  high  as  30  tons  per  24  hours. 
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Power  Stamps.— Various  forms  of  stamps  have  been  brought  out  at  differ- 
ent times,  intended  to  operate  by  iwwer  like  a  trip  hammer,  or  in  which 
tUe  stamps  were  connected  directly  ta  the  cranks  operating  them  by  means 
of  spring  joints.  Nearly  all  of  these  forms  have  failed  on  account  of  exces- 
sive wear,  small  capacity,  and  the  large  amount  of  power  consumed. 

Steam  Stamps.— The  large  capacity  steam  stamp,  which  was  evolved  in 
connection  with  the  concentraUon  of  the  Lake  Superior  copper  ores,  con- 
sists of  a  steam  cylinder  in  which  operates  a  piston,  to  the  stem  of  which  the 
stamp  head  is  directly  connected.  Machines  of  this  style  are  usually 
made  very  large  and  heavy,  frequently  extending  through  two  or  three 
stories  of  the  mill,  and  having  a  capacity  equivalent  to  from  60  to  100  ordi- 
nary gravity  stamps.  In  most  forms,  live  steam  is  admitted  on  top  of  the 
I>istoii  during  the  descent  of  the  stamp,  thus  increasing  the  force  of  the 
blow^.  For  lifting  the  stamp,  the  steam  is  throttled  so  that  a  lower  pressure 
is  employed.  The  discharge  is  usually  through  a  coarse  screen,  f"  to  f" 
mesh  not  being  uncommon.  One  interesting  fact  connected  with  the  large 
steam  stamps  is  that  their  heavy  blows  do  not  cause  as  excessive  sliming  as 
tlie  lighter  gravity  stamiw,  and  on  this  account  this  form  of  stamp  has  been 
introduced  in  some  cases  for  crushing  free-milling  gold  ores. 

For  prospecting  work,  for  testing  properties,  or  for  operating  small  prop- 
erties, a  number  of  forms  of  portable  or  semiportable  steam  stamps  nave 
come  out  during  the  last  few  years.  One  of  these  (the  Tremain)  is  illus- 
trated in  Fig.  14.  In  this  form,  two  pistons  work  in  cylin- 
ders side  by  side  and  strike  alternate  blows  in  a  common 
mortar.  The  steam  is  introduced  at  fUll  boiler  pressure  on 
the  lower  side  of  the  cylinder,  which,  owing  to  the  large 
diameter  of  the  piston  rod,  has  a  small  area.  This  high  pres- 
sure steam  is  then  allowed  to  expand  on  to  the  top  or  the 
piston,  thus  urging  it  dowi/  with  greater  force  than  its  own 
weight  would.  These  steam  stamps  can  be  run  at  a  much 
higher  speed  than  gravity  stamps,  and  hence  have  a  greater 
capacity.  In  the  figure  shown,  three  screens  are  employed, 
one  in  front  and  one  at  each  end  of  the  mortar.  There  are 
.«;everal  other  forms  of  jwrtable  steam  stamps  manufiictured. 
They  all  have  the  advantage  that  for  a  small  property  they 
can  be  installed  with  much  less  trouble  than  any  other  form 
of  crusher,  owing  to  the  fact  that  no  steam  engine  is  required 
and  the  steam  necessary  to  drive  them  can  usually  be 
obtained  from  the  boiler  operating  the  hoisting  engine, 
pumps,  etc. 

Miscellaneoas  Forms  of  Crashera.— Most  crushers  can  be  Fig.  14. 
classed  under  one  of  the  previous  heads,  but  there  are  some 
forms  that  depend  on  the  material  itself  to  do  the  crushing.  For  instance, 
in  the  preparation  of  coal  for  coke  ovens,  there  has  been  a  combined  crusher 
and  separator  Invented  that  may  be  described  as  follows:  A  large  horizontal 
drum  or  cylinder,  provided  witn  screen  openings  around  its  periphery,  is 
mounted  in  a  horizontal  position.  The  coal  to  be  separated  is  fed  into  one 
end  and  is  caught  by  shelves  or  plates  projecting  radially  into  the  cylinder. 
These  lift  the  material  to  the  upper  side,  from  which  it  falls  by  gravity  and 
strikes  the  bottom,  thus  crushing  the  softer  parts.  The  sulphur  and  slate, 
being  harder  than  the  coal,  are  not  crushed  by  the  same  height  of  fall,  and 
hence,  by  a  proper  adjustment  of  the  diameter  of  the  cvlinder,  the  coal  may 
be  crushed  ana  discharged  through  the  screen  while  the  slate  and  sulphur 
will  pass  out  at  the  opposite  end  of  the  cylinder. 
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Stationary  Screens,  Grizzlies,  Head-Bars,  or  Platform  Bars.— These  are  the 
various  names  given  to  an  inclined  screen  employed  for  removing  the 
fine  material  from  the  run  of  mine  so  that  only  the  coarse  portion  will  be 
pass^  to  the  crushers.  At  concentrating  works,  the  term  grizzly  is  usually 
employed,  and  a  common  form  is  shown  in  Fig.  15.  This  is  composed  of  flat 
bars  held  apart  by  cast-iron  washers  through  which  the  bar  bolts  are  passed 
to  hold  the  entire  frame  together.  Grizzlies  are  usually  placed  at  an  angle 
of  from  45°  to  55°  and  ordinarily,  for  the  head  of  a  large  concentrating 
works,  they  are  from  3  to  6  ft.  wide  and  from  8  to  12  ft.  long,  the  amount 
of  space  between  the  bars  depending  oi^  t^ie  s^  of  the  run-of-mine  material 
and  on  its  subsequent  treatment.  o 
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In  the  anthracite  coal  breakers,  the  terms  pla^orm  bars  or  head-bars  are 
usually  employed,  and  these  bars  are  made  of  U"  to  2"  round  iron  placed  at 
an  inclination  of  5  in.  to  1  ft.,  the  spacing  depending  on  the  size  of  coal  it  Ls 
desired  to  make  in  the  breaker. 

At  the  present  time,  in  accordance  with  an  agreement  between  tlie  oper- 
ators and  the  miners'  officials,  the  standard  si2e  for  a  bituminous  lump 
screen  (the  bars  are  called  a  screen)  for  Ohio. 
Pennsylvania,  Indiana,  and  Illinois  is  12  ft. 
long  and  6  ft. wide  over  ttie  screen  surface.  The 
screen  consists  of  6  bearing  bars  4  in.  by  I  in. 
of  soft  steel  and  39  steel  screen  bars,  Figr- 16. 
with  U  in.  clear  space  between  bars.  In  Iowa, 
the  same  sized  bar  is  used,  but  the  space  be- 
tween the  bars  is  If  in.  In  the  other  western 
and  Southern  States  there  is  at  present  no 
standard. 

The  standard  nut-coal  screen  for  Pennsyl- 
vania and  Ohio  is  f  in.  space,  but  f  in.  is 
sometimes  used  and  the  nut  screen  is  often 
varied  to  suit  the  special  trade.  At  present 
very  few  pea  screens  are  used,  but  if  placed  under  a  }"  nut  screen,  the 
space  is  fl*om  f  in.  to  f  in.  In  the  Pittsburg  region  of  Pennsylvania,  all 
coal  passing  over  |"  screen  is  called  slack,  while,  on  the  Monongahela 
River,  coal  passing  through  li"  screen  is  called  slack  and  is  used  in  stokers. 
Many  companies  are  at  present  crushing  their  run-of-mine  coal  to  make 
slack  suitable  for  stokers. 

It  is  difficult  to  classify  bituminous  coal  by  sizes,  but  as  nearly  as  possible 
the  following  seem  to  be  the  standard:  Lump,  all  coal  passing  over  li'' screen; 
nut,  all  coal  passing  through  1^'  openings  and  over  I"  openings;  slack,  all 
coal  passing  through  |"  screen.  If  a  pea-coal  screen  is  used,  all  coal  passing 
over  4",  i",  and  \"  would  be  pea  coal,  and  that  passing  through  %",  i",  or  \" 
would  be  slack 

Adjustable  Bars.— The  top  of  the  bar  is  cylindrical  and  projects  beyond  the 
web  which  supports  it,  so  that  any  lump  which  passes  through  the  upper 
part  will  fall  freely  without  jamming.  The  two  ends  of  the  bar  are  V  shaped 
and  fit  into  similarly  shaped  grooves,  so  that  the  bars  can  be  set  at  distances 
from  each  other  varying  with  the  sum  of  the  width  of  the  bases  of  the 
triangles,  the  usual  opening  being  about  4  in.  These  bars  are  generally 
4  ft.  long,  but  they  can  be  of  any  size. 

Finger  bars  are  screen  bars  that  are  fixed  at  one  end  only,  and  the  bars 
are  narrower  at  the  lower  end  than  at  the  top,  so  that  the  spaces  between 
them  are  wider  at  the  bottom  than  at  the  top,  thus  giving  less  tendency  for 
pieces  of  material  to  become  wedged  between  the  bars. 

Movable  or  oscillating  bars  are  screen  bars  that  are  attached  to  eccentrics 
at  their  lower  ends,  the  eccentrics  of  adjoining  bars  being 
placed  180°  apart.    This  movement  throws  the  material  for- 
wards and  the  bars  do  not  therefore  require  nearly  the  same 
inclination  as  fixed  bars. 

Shaking  screens  have  an  advantage  in  that  the  entire  area 
of  the  screen  is  available  for  sizing,  and  hence  a  greater 
capacity  can  be  obtained  ftom  a  given  area  of  screening 
surface.  They  also  occupy  less  vertical  height  than  a  revolv- 
ing screen.  In  coal  breakers  they  are  particularly  applicable 
where  the  coal  is  wet  and  has  a  tendency  to  stick  together. 
The  principal  disadvantage  of  the  shaking  screen  is  that 
the  reciprocating  motion  imparts  a  vibration  to  the  framing 
of  the  building.  For  anthracite  coal,  the  screens  usually 
have  an  angle  or  pitch  of  from  i  in.  to  2  in.  per  foot,  the 
average  being  about  J  in.  per  foot.  These  screens  are  run  at 
from  90  to  280  shakes  per  minute,  the  average  being  about  200 
shakes  per  minute,  or  100  revolutions  per  minute  for  the 
cam-shaft.  The  throw  of  the  eccentric  or  cam  varies  from 
2  in.  to  5  in. 

Similar  screens  are  employed  for  sizing  salt,  but  are  usually 
placed  at  a  much  steeper  incline  and  are  frequently  so  hung  that  they  have  a 
combined  rocking  and  swinging  motion.  ShaKing  screens  are  rarely  employed 
in  concentrating  works  on  account  of  the  fact  that  revolving  screens  can 
be  hung  in  the  upper  part  of  the  mill  where  they  will  not  interfere  with 
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i^er  znachineiv,  and  hence  the  greater  space  that  they  occupy  is  not 
ojeetioiiable  while  they  do  the  sizing  satisfactorily  without  imparting  jar 
» tlie  structure. 

.  Xlie  eawxcitie*  of  shaking  screens  operating  on  anthracite  coal  have  been 
Lven  as  follows.  The  parties  giving  these  figures  advise  the  use  of  140  R.  P.  M. 
yr  Hie  cam-shaft. 

For  broken  and  egg  coal,  i  sq.  fl.  per  ton  for  10  hours. 

:Por  stove  and  chestnut  coal,  i  sq.  ft.  per  ton  for  10  hours. 

For  pea  and  buckwheat  coal,  I  sq.  ft.  for  10  hours. 

Por  birdseye  and  rice,  li  sq.  it.  per  ton  for  10  hours. 

for  sizing  bituminous  coah  inclined  shaking  screens  are  extensively  used 
a  certain  sections,  particularly  in  the  Middle  Western  States.  These  screens 
re  given  a  shaking  motion  by  means  of  cams  and  connecting-rods,  which 
astlce  from  60  to  100  strokes  per  minute,  the  speed  varying  according  to  the 
.mount  of  moisture  in  the  coal.  The  throw  of  the  eccentric  is  about  6  in. 
riiese  screens  are  7  ft.  wide  and  vary  in  length  according  to  the  conditions 
n  tlie  tipple,  no  standard  having  been  adopted.  The  average  inclination  at 
vlilcli  tney  are  set  is  14°  though  this  angle  varies  under  different  conditions 
t-om  12°  to  16°.  The  capacity  of  these  screens  running  under  the  conditions 
riven  above  is  given  by  one  maker  as  2,000  to  2,500  tons  per  day  of  8  hours. 
Ln  one  test  lasting  8  hours,  2,000  tons  of  coal  were  passed  over  screens  having 
[>erforated  plates  of  the  following  dimensions: 

56  sq.  ft.  with  |''  penorations  for  making  slack. 
56  sq.  ft.  with  IV'  perforations  for  making  pea  coal. 
28  sq.  ft.  with  2^"  perforations  for  making  nut  coal. 
28  sq.  ft.  with  4|"  perforations  for  making  egg  coal. 
Another  maker  uses,  for  taking  pea  and  dust  from  nut,  and  nut  from . 
lump,  50  to  60  sq.  ft.  of  surfiEUse  for  each  size,  and  to  handle  600  to  800  tons  in 
8  hours  he  uses  a  4i"  travel  and  120  to  130  shakes  per  minute,  with  the 
screen  at  an  inclination  of  15°.    ' 

Size  of  Mssh.— The  following  perforations  have  been  adopted  by  two  of  the 
largest  anthracite  coal  companies  as  the  dimensions  for  the  holes  in  shaking 
screens  to  produce  sizes  equivalent  to  those  produced  by  revolving  screens: 

Mesh  for  Shaking  Screens. 


Kind  of  Coal. 

Lehigh  Valley 
Coal  Co. 

Phlla.&  Reading 
Coal  <&  Iron  Co. 

Kind  of  Coal. 

Round. 

Round.     Square. 

Steamboat 

Lump 

Broken 

Egg  

Stove  

Chestnut  

Pea  

Buckwheat 

Rice 

1 

5f; 
3f" 

5" 

4" 

2*" 

2" 

1" 

Steamboat. 
Large  broken. 
Small  broken. 

Chestnut. 
Pea. 

Buckwheat. 
Rice. 

RevolvlRg  Soroens,  or  Trommels.— The  screen  is  placed  about  the  periphery 
of  a  cylinder  or  frustum  of  a  cone.  The  material  to  be  sized  is  introduced 
at  one  end;  the  small  size  passes  through  the  screen,  and  the  other  size  is 
discharged  ttom  the  other  end.  If  the  form  is  cylindrical,  it  is  necessary 
to  place  the  supporting  shaft  on  an  incline  so  that  the  material  will 
advance  toward  the  discharge  end.  The  inclination  of  the  shaft  deter- 
mines the  rapidity  with  which  the  material  will  be  carried  through  the 
screen.  The  advantage  of  the  conical  screen  is  that  the  shaft  is  horizontal 
and  hence  the  bearings  are  simpler.  This  a  very  decided  advantage  in 
many  mills  where  the  machinery  must  of  necessity  be  crowded  into  a 
minimum  space  and  be  hard  to  get  at. 

Pentagonal  screens,  or  screens  having  some  other  number  of  flat  sides, 
are  sometimes  employed.  These  are  run  at  a  very  much  more  rapid  rate 
than  circular  screens,  it  being  intended  that  the  material  shall  be  thrown 
or  dashed  against  the  screen  surfaces  to  break  it  or  to  loosen  adhering  clay 
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or  dirt.    The  shaft  is  sometimes  hollow,  and  streams  of  water  firom  this 
hollow  shaft  wash  the  material  as  it  is  being  screened. 

Revolviug  screens  are  frequently  jacketed,  that  is,  two  or  more  screens 
are  placed  concentrically  aboat  the  same  shaft,  the  inmost  one  being  the 
coarsest,  and  each  succeeding  screen  serving  to  make  additional  sepaTation£. 
This  method  reduces  the  space  necessary  for  a  given  amonnt  of  sizing 
machinery.  In  other  cases,  a  long  cylindrical  screen  has  a  coarse  mesh  near 
its  discharge  end  and  finer  mesh  near  the  entrance  end,  thus  making^  two  or 
more  through  products  as  well  as  the  overproduct.  The  disadvantage  of 
jacketed  screens  is  that  the  necessarily  slow  speed  of  the  inmost  screen 
reduces  the  capacity  of  the  entire  combination,  so  that  if  rapid  work  is 
essential,  it  is  better  to  use  fairly  large-diameter  screens  placed  one  after  the 
other  in  place  of  jacketed  screens.  Another  disadvantage  is  that,  to  renew 
the  inner  jackets,  it  is  often  necessary  to  remove  the  outer  ones. 

The  disadvantages  of  having  two  or  more  sizes  of  wire  cloth  on  one  screen 
are  that  the  fine-meshed  screen  near  the  head  is  worn  out  rapidly,  as  all  the 
material  both  coarse  and  fine  passes  over  it,  while,  when  separate  screens 
are  employed,  each  screen  has  to  deal  only  with  its  through  or  over  sized 
product,  all  coarser  material  having  been  removed. 

Speed.— The  periphery  of  a  revolving  screen  should  travel  about  200  ft. 
per  minute.  In  the  case  of  very  fine  material,  screens  are  sometimes  run 
faster  than  this. 

The  following  have  been  adopted  as  standard  speeds  for  screens  by  one 
of  the  largest  anthracite  coal  companies: 

Speed  op  Screens. 
Rev.  per  Minute.  Rev.  per  Minute. 

Mud  screens 8.87    Big  screens 8.52 

Counter  mud  screens .15.4Sr   Pony  screens..... 10.87 

Cast-iron  screens 11.25    Buckwheat  screens 15.30 

Duty  of  Anthracite  Screens.— The  following  table  gives  the  number  of 
square  feet  of  screen  surface  required  for  a  given  duty  in  the  ease  of 
revolving  screens  working  upon  anthracite  coal: 

Egg  coal,  1  ton  per  1    aq.  ft.  per  10  hours. 

Stove  coal.  1  ton  per  li  sq.  ft.  per  10  hours. 

Chestnut  coal,     1  ton  per  li  sq.  ft.  per  10  hours. 

Pea  coal,  1  ton  per  2    sq.  ft,  per  10  hours. 

Buckwheat  coal,  1  ton  per  2*  sq.  ft.  per  10  hours. 

Rice  coal,  1  ton  per  3f  sq.  ft.  per  10  hours. 

Culm,  1  ton  per  5    sq.  ft.  per  10  hours. 

These  figures  may  be  reduced  from  20;^  to  30^  for  very  dry  or  wash  coal. 

Revolving  Screen   Mesh   for  Anthracfte.-^A  standard  mesh  for  revolving 

screens  for  sizing  anthracite  coal  was  adopted  some  years  ago,  but  it  is  only 

approximately  adhered  to  and  a  considerable  variation  f^om  the  standard  is 

found  throughout  the  anthracite  region. 

The  following  are  probably  as  nearly  standard  meshes  for  revolving 
screens  for  sizing  anthracite  coal  as  can  be  given: 
Mesh  for  Sizing  Coal. 
Culm  passes  through  ^"  mesh. 

Birdseye  passes  over  y  mesn,  and  through  ,•£"  mesh. 

Buckwheat  passes  over  |"  mesh,  and  through  V'  mesh. 

Pea  passes  over  \"  mesh,  and  through  |"  mesh. 

Chestnut  passes  over  |"  mesh,  and  through  If"  mesh. 

Stove  passes  over  1|"  mesh,  and  through  ^'  mesh. 

Egg  passes  over  2"  mesh,  and  through  2|"  m^h. 

♦  Grate  passes  over  2J"  mesh,  and  out  end  of  screen. 

*  Special  grate         passes  over  3"  mesh,  and  out  end  of  screen. 
♦Special  steamboat  passes  over  3"  bars,  and  through  &'  bars. 

Hydraalic  Classifiers.— The  separation  of  materials  by  this  class  of 
machinery  depends  upon  the  law  of  equally  falling  bodies,  which  may  be 
stated  as  follows:  Bodies  falling  free  in  a  Jluid,  fall  at  a  speed  proporUonal 
to  their  weight  divided  by  the  resistance.  Prom  this  it  will  be  seen,  that  small 
masses  of  a  heavy  mineral  will  fall  as  rapidly  as  large  masses  of  a  light 
mineral,  owing  to  the  fact  that  the  weight  increases  as  the  volume  and  the 

•  These  sizes  and  "lump"  site  are  seldom  made,  aDd  there  is  no  uniformity  whatever  in  the 
tea  called  by  these  names.  ^ 
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ssistance  only  as  the  area,  eo  that  if  a  quantity  of  galena  and  quartz  of 
arious  sizes  were  introduced  into  water,  It  would  settle  into  approximate 
a^yers,  each  composed  of  relatively  large  pieces  of  quartz  and  relatively 
mall  pieces  of  galena.    This  same  action  would  be  true  in  the  case  of  any 


Fig.  17. 

minerals  differing  in  specific  gravity.    The  principal  representatives  of  the 
hydraulic  classifying  machines  are  the  Spitzkasten  and  Spitzlutten. 

The  Spitzkasten  consists  of  a  series  of  pyramidal  boxes,  one  of  which  is 
shown  in  Fig.  17.  The  material  enters  the  lx>:t  at  a,  x>asses  down  under  the 
diving:  board  b,  and  discharges  into  the  next  box  through  the  trough  c.  At 
the  bottom  of  the  box.  water  is  introduced  through  the  pipe  d  from  the 
launder  g  in  such  quantity  as  to  more  than  supply  the  opening  or  spigot  e. 
The  heavy  particles  of  mineral  settle  against  this  rising  stream  of  water  into 
the  elbow/  from  which  they  are  washed  out  through  e.  Each  succeeding 
box  is  made  larger  than  the  preceding,  and  the  rising  current  is  so  regulated 
that  a  different  product  will  settle  out  in  each. 

The  Spitzlutton  is  a  V-shaped  box,  inside  of  which  is  set  another  V  having 
the  same  slope,  the  material  flowing  down  between  the  two  V's  on  one  side 
and  up  and  out  on  the  other.  The  distance  between  the  V's  can  be  regulated, 
as  can  also  the  rising  current  of  water,  thus  obtaining  the  separation  desired. 
Many  other  forms  of  separators,  all  depending  on  this  same  principle, 
have  been  brought  out,  some  having  a  conical  form,  some  being  arranged  in 

the  form  of  troue^hs,  and  others  as  boxes  of  various  shapes. 

The  Calumet  olassifier,  Fig.  18.  consists  of  a  series  of  boxes  or  pockets  in  the 

bottom  of  a  gradually  widening 

trough.     Wash  water  enters     g a  -  a         »    '  ,j» 

through  a  pipe  o  and  discharges 

directly  against   the  discharge 

spigot  d,  wnich  is  however  not 

large   enough  to  carry  all   the 

water  off  directly,  hence  it  twirls 

and  eddies  in  tne  bottom  of  the 

box  so  that  only  the   heaviest 

particles  having  weight  enough 

to  settle  in  this  disturbed  water 

pass  out  through  the  spigot.    A 

shield  c  reflects  upwara  currents 

and  conflnes  the  agitation  to  the 

bottom.    The   pulp  flowing  in 

the  direction  of  tne  arrows  is 

deflected    downwards    by    the 

boards  8. 

The  settling  boxea  employed  for  mills  are  really  a  form  of  hydraulic  classi- 
fier.   They  are  usually  very  large  V-shaped  boxes  provided  with  a  diving 

board  similar  to  that  shown  at  6  in  Fig.  17,  but  no  current  of  water  is 


Fig.  18. 
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introdaced.  In  some  cases  a  small  stream  of  the  heavy  muds  or  concen- 
trates is  kept  continually  flowing  fix>m  the  bottom,  while  in  otliers  they 
are  drawn  off  inteimittently.  One  very  important  point  to  be  observed 
in  settling  boxes  is  that  the  settling  action  depends  on  the  arresting  of 
the  current,  and  with  a  given  amount  of  floor  space,  verv  mucli  more 
efficient  settling  can  be  obtained  from  two  boxes  placed  side  by  side  and 
havine  half  the  material  pass  through  each  than  m>m  two  boxes  placed 
in  senes,  and  that  the  width  of  the  box  is  of  vastly  more  importance 
than  the  length.  The  depth  is  also  fairly  important,  and  a  diviner  board 
must  always  be  introduced  to  prevent  surface  currents.  If  the  boxes 
are  properly  arranged,  nearly  all  the  solid  material  will  be  settled  out  of 
the  water. 

The  Jeffrey- Robinson  coal  washer,  Fig.  19,  which  operates  on  the  principle  of 
the  Spitzkasten,  consists  of  a  steel  chamber  B  in  the  form  of  an  inverted 
cone,  inside  of  which  are  . 

projecting  arms  and  stir-  tg"^^ 

ring  plates  C,  C  revolved 
by  a  driving  gear  A.  The 
water  supply  enters  at 
the  bottom  from  the 
water  pipe  P  through 
perforations  if.  The  coal 
IS  introduced  through  a 
chute  S  and  is  kept  In  a 
continual  state  of  agita- 
tion by  the  current  of 
water,  and  being  Ughter 
than  the  impurities,  it 
passes  out  through  the 
overflow  K  onto  the  con- 
veyors E,  -Fand  through 
the  chutes  X,  X,  whfle 
the  water  and  sludge 
drain  through  the  hop- 
per into  the  sludge  tank 
Q,  whence,  if  necessary, 
the  same  water  can  be 
again  pumped  by  the  pul- 
someter  H  back  into  the 
washer.  (As  mentioned  elsewhere,  it  is  poor  practice  to  use  this  water  over 
again  when  it  is  desired  to  decrease  the  percentage  of  sulphur  in  the 
washed  product  as  greatly  as  possible. ) 

The  heavy  impurities  sink  to  the  bottom  into  the  chamber  J  and  when 
this  is  f\ill  the  upper  of  the  two  valves  shown  is  closed  and  the  lower  valve  is 
opened  to  discharge  the  refUse. 

The  following  data  in  regard  to  one  of  these  washers  is  given  by 
Mr.  J.  J.  Ormsbee  in  the  Transactions  of  the  A.  I.  M.  E.  These  results  were 
obtained  at  the  Pratt  Mines,  Alabama,  with  a  plant  having  a  nominal 
capacity  of  400  tons  per  day.  By  washine  slack  that  passed  between  screen 
bars  spaced  I  in.  in  the  clear,  the  washed  coal  contained  42^  less  ash  than 
the  unwashed  coal,  the  reduction  in  sulphur  was  15e(,  while  the  volatile 
matter  was  increased  4^,  and  the  fixed  carbon  5^.  With  coal  passing  over  \" 
perforations,  the  results  were  a  reduction  of  48^  in  ash,  15^  in  sulphur,  and  a 
gain  oi  f^  in  volatile  matter  and  64  fixed  carbon.  These  results  indicate  that 
the  washer  is  better  adapted  to  large  sizes  than  to  fines.  The  amount  of 
water  used  per  ton  of  washed  coal  was  35.1  gallons  and  the  cost  was 
2.26  cents  per  ton  for  washing  400  tons,  itemized  as  follows:  Labor  at  washer, 
$2.00;  labor  at  boiler,  fuel,  etc.,  $4.00;  repairs  and  supplies,  83.00;  total,  $9.00. 

Log  Washer.— For  removing  clay  from  ores  or  other  material,  the  log 
washer  illustrated  in  Fig.  20  has  proved  itself  to  be  efficient.  Either 
single  or  double  logs  are  employed,  the  form  shown  being  the  double- 
log  washer.  The  loes  work  over  troughs  which  have  a  slight  inclination, 
so  that  the  water  will  flow  from  one  end  to  the  other.  Water  is  introduced 
at  the  upper  end  and  discharged  at  the  lower  end.  The  material  to  be  washed 
is  introduced  near  the  lower  end  and  is  fed  up  against  the  water  by  spiral 
arms  or  plates  fixed  about  the  logs,  as  shown  in  the  illustration.  As  the 
material  is  advanced,  the  clay  or  other  sticky  substance  is  broken  up, 
washed  away,  and  discharged  at  the  lower  end  with  the  wadi  water. 


Fig.  19. 
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Fig.  20. 


These  neashers  have  been  extensiyely  employed  for  cleaning  iron  ores 
occurring-  as  rather  hard  masses  in  clay. 

There  is  no  general  standard  size  of  these  washers,  but  most  of  the  double- 
log  wasbers  for  both  steel  and  wood  logs  are.  the  same,  except  in  length  of 
logs,  tlie  washer  box  being  7  ft. 
4  in.  wide,  2  ft.  deep  at  discharge 
end,  and  4  ft.  deep  at  receiving 
end.  Tlie  length  of  logs  varies 
from  20  to  30  ft.  The  logs  are 
generally  given  an  elevation  of 
1  in.  in  1  ft.,  and  sometimes  U  in. 
in  1  ft. 

The  capacity  of  an  ore  washer 
depends  very  much  on  the 
quality  of  the  material,  avera- 
ging for  one  pair  of  logs  from  100 
tons  per  day,  when  the  matrix 
is  of  a  clayey  nature,  to  350  tons 
with  loose  sandy  material.  The 
capacity  of  a  washer  is  based 
on  tlie  amount  of  material  from 
the  mines  it  >nll  put  through 
more  than  the  tonnage  of  clean 
ore,  and  this  amount  varies  from 
500  to  1,000  yd.  per  10  hours.  The  amount  of  water  used  varies  from  300  to 
500  gal.  per  minute.  The  total  expense  for  labor  and  ftiel,  including  the 
water  supply,  varies  from  5  cents  to  25  cents  per  ton  of  ore,  averaging 
possibly  10  cents  per  ton. 

The  Scaife  trough  wssher  consists  of  a  semicircular  iron  trough  2  ft. 
in  diameter  and  24  ft.  long.  Inside  is  a  series  of  fixed  dams  or  partitions 
that  can  be  made  higher  or  lower,  as  required,  by  means  of  plates.  A  shaft 
running  the  entire  length  of  the  trough  and  turning  in  babbitted  journals 
carries  a  number  of  stirring  arms  or  forks  and  is  given  a  reciprocating 
motion  by  a  connecting-rod  attached  to  a  driving  pulley  at  its  center.  The 
coal  is  fed  with  water  at  the  upper  end  of  the  trough,  and  by  the  action  of 
the  flowing  water  and  the  agitation  of  the  arms,  the  slate,  pyrites,  and  other 
impurities  settle  at  the  bottom  and  are  caught  behind  the  dams,  while  the 
clean  coal  passes  over  the  dams  and  out  at  the  lower  end  of  the  trough. 
When  the  spaces  behind  the  dams  are  filled,  feeding  is  stopped  and  the 
refrise  in  the  dams  quickly  dumped.  This  form  of  washer  is  particularly 
successftil  with  coal  mixed  with  fireclay.  One  washer  handles  from  75  to 
100  tons  of  coal  per  day,  and  one  man  can  attend  to  six  washers.  Each 
washer  requires  less  than  1  H.  P.  to  operate  it.  The  larger  the  coal,  the 
greater  must  be  the  slope  and  the  quantity  of  water  used. 

JIfS.— This  is  a  general  term  applied  to  that  class  of  concentrating 
machines  in  which  the  separation  of  the  mineral  from  the  gangue  takes 
place  on  a  screen  or  bed  of  material  and  is  effected  by  pulsating  up-and- 
down  currents  of  a  fluid  medium. 

There  are  a  number  of  different  methods  in  use  for  driving  the  pistons 
that  cause  the  pulsations  of  the  water  in  jigs.  Some  of  these  use  plain 
eccentrics,  nving  the  same  time  to  both  the  up  and  the  down  strokes  of  the 
pistons,  while  others  employ  special  arrangements  of  parts,  which  give  a 
quick  down  stroke  and  a  slow  up  stroke,  thus  allowing  the  water  ample 
time  to  work  its  way  back  through  the  bed  without  any  sucking  action 
from  the  piston.  This  tends  to  make  a  better  separation  in  some  cases  than 
the  use  oi  the  plain  eccentrics. 

Stationary  Scroen  Jigs.— This  class  is  illustrated  by  Fig.  21,  which  shows  a 
3-compartment  jig.  The  separation  takes  place  on  screens  supported  on 
wooden  frames  a,  and  is  effected  by  moving  the  water  in  each  compartment 
so  that  it  ascends  through  the  screen,  lifting  the  mineral  and  allowing  it  to 
settle  again,  thus  giving  the  material  an  opportunity  to  arrange  itself  accord- 
ing to  the  law  of  equally  falling  particles.  Each  compartment  is  composed 
of  two  separate  parts,  one  containing  the  screen  on  the  support  g  and  the 
other  adjoining  it  and  arranged  so  that  the  piston  in  it  may  impart  the 
necessary  pulsations  to  the  water.  These  pistons  are  usually  loose  fitting  and 
are  operated  by  the  eccentrics  e  on  the  shaft  «.  Jigs  operating  on  coarse  ore 
should  be  fed  with  approximately  sized  material,  when  the  ore  will  accumu- 
late near  the  bottom  on  the  screen  and  the  barren  portion  or  gangue  will 
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be  carried  over  the  discharge.  Formerly,- the  concentrates  were  discharged 
Irom  jigs  intermittently  by  digging  out  the  tailings  first,  then  the  middlings, 
which  are  composed  of  pieces  containing  some  ore  and  some  gangrue,  and 
then  the  concentrates,  but  it  has  been  found  that  the  concentrates  will 
flow  over  the  screen  like  a  liquid  of  comparatively  heavy  specific  grayity, 


Fig.  21. 


The  Htberle  gate,  Fi 
against  the  inside  of 


Advantage  has  been  taken  of  this  fact  in  the  design  of  several  forms  of  jig 
discharges.  _ 

2.  acts  as  follows:  a  is  a  U  Heaped  shield  fastened 
jig  and  held  in  place  by  a  band  5,  the  ends  of 
which  are  drawn  down  into  the  form  of 
bolts  and  pass  through  the  sides  of  the 
jig,  where  thejr  are  secured  with  suitable 
nuts.    The  shield   a  may  be  raised  or 
lowered  by  loosening  the  band  b.    The 
discharge  takes  place  through  the  oi>en- 
ing  f  in  the  side  of  the  lig,  the  size  and 
position  of  the  opening  b^ng  regulated 
by  slides  c.    The  concentrates  k  rest  on 
the  screen  e  suppprted  by  a  grating  d, 
while  the  tailings  t  occupy  a  higher  posi- 
tion.   The  shield  a  prevents  the  tailings 
from  flowing  out  through  the  opening/, 
while  the   concentrates  flow  along  the 
screen  and  rise  to  a  height  somewhat 
lower  than  the  top  of  the  tailings  in  the 
jig,  when  they  are  discharged  through  the 
opening  /  over  the  spout  A,  as  shown  at 
p.    The  tailings  are  usually  discharg:ed 
over  the  dam  at  the  end  of  the  jig,  and 
in  some  cases  a  third  discharge  is  provided  of  the  Heberle-gate  pattern 
and  so  arranged  that  the  middlings  will  flow  out  through  it  and  discharge 
separately  from  the  tailings  and  the  concentrates. 

In  the  case  of  jigs  handling  fine  material,  the  material  may  be  sorted  by 
hydraulic  classifiers  and  then  introduced  on  to  the  jigs.  In  this  class  the 
mineral  will  be  in  the  form  of  relatively  small  pieces,  while  the  gangue  will 
occur  as  relatively  large  pieces.  Advantage  may  be  taken  of  this  feet  by 
regulating  the  mesh  of  the  jig  screen  so  that  the  concentrates  will  pass 
through  into  the  space  below  the  screen,  commonly  called  the  hutch,  while 
the  tailings  will  pass  over  the  tailing  dam.  In  some  cases  the  gate 
discharge  is  employed  on  the  side  to  remove  the  middlings.  The  middlings 
are  recrushed  and  treated  on  other  machines.  This  form  of  concentration 
has  been  used  very  largely  in  connection  with  the  Lake  Superior  copper 
ores,  the  values  of  which  occur  as  metallic  copper  in  a  relatively  fight 
gangue,  and  also  in  concentrating  tin  ores  that  occur  in  the  light  gangue 
containing  considerable  mica.  o 


Fig.  22, 
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Theory  of  Jigginf.— By  far  the  most  exhaustive  investigations  on  the  theory 
yf  ji«sui^  carried  on  in  America  are  those  of  Prof.  Robert  H.  Richards,  of  the 
Massacbusetts  Institute  of  Technology,  and  the  greater  part  of  the  following 
theoretical  discussion  is  based  on  his  several  papers  published  in  the  Trans- 
actions of  the  American  Institute  of  Mining  Engineers. 

Four  laws  of  jigging  are  given  by  the  several  authorities:  (1)  The  law  of 
equal  settling  particles,  under  free  settling  conditions;  (2)  the  law  of 
interstitial  currents,  or  settling  under  hindered  settling  conditions;  (3)  the 
law  of  acceleration;    (4)  the  law  of  suction. 

The  first  of  these  is  the  most  Important,  but  the  others  are  elements  that 
cauuot  l>e  disregarded  in  connection  with  jigging. 

Equal  Settling  Particles.— Rittinger  jgives  the  following  formulas  to  repre- 
sent tlie  relation  between  diameter  of  grains  and  rate  of  falling  in  water  for 
irregulaxly  shaped  grains:      

V  =  2.73]/D(g  --  1),  for  roundish  grains; 

V  =  2.44|/i?(5  — 1),  for  average  grains; 

V  =  2.37|/Z>(a  — 1),  for  long  grains; 

V  =  1.92 /D(5  —  1),  for  flat  erains, 

in  wbicli  V  =  velocity  in  meters  per  second;  D  =  diameter  of  particles  in 
meters,  and  6  =  specific  eravity  of  the  minerals. 

By  means  of  these  different  formulas,  the  ratios  of  the  diameters  of 
different  particles  that  will  be  equal  settling  in  water  can  be  computed. 
Professor  Richards  has  not  found  these  formulas  to  hold  in  all  cases  in 
practice,  and,  as  the  result  »f  elaborate  experiments,  he  gives  the  following 
table: 

Equal  Settling  Factors  or  Multipliers. 

Table  of  equal  settling  factors  or  multipliers  for  obtaining  the  diameter  of 
a  quartz  grain  that  will  be  equal  settling  under  free  settling  conditions  with 
the  mineral  specified. 


Anthracite  .. 

Epidote 

Sphalerite 

Pyrrhotite  — 
CnaJcoclte  ... 
Arsenopyrite 

Casslterite 

Anitmony 

Wolframite  ... 

Galena   

Copper  

Quartz  .' 


1.473 
3.380 
4.046 
4.508 
5.334 
5.627 
6.261 
6.706 
6.937 
7.856 
8.479 
2.640 


Velocity  in  Inches  per  Second. 


2 

3 

4 

5 

6 

7 

8 

Author's  Multipliers. 


.500 

.352 

.225 

.213 

1.57 

1,35 

1.05 

1.13 

1.50 

1.61 

1.56 

1.56 

1.46 

1.05 

1.17 

1.62 

1.64 

1.68 

1.66 

1.73 

1.29 

1.48 

2.00 

2.22 

2.26 

2.13 

1.90 

1.47 

1.62 

2.07 

2.28 

2.41 

2.44 

1.90 

1.57 

1.89 

2.42 

2.56 

2.72 

2.84 

2.11 

1.79 

2.00 

2.73 

2.93 

3.03 

3.05 

2.71 

2.00 

2.00 

2.73 

2.93 

3.03 

2.98 

2.71 

l.SJ 

2.07 

2.86 

3.04 

3.21 

3.28 

2.71 

1.83 

2.26 

3.00 

3.42 

3.65 

3.76 

2.71 

2.00 

2.36 

3.00 

3.20 

3.58 

3.76 

1.47 
1.56 
2.08 
2.17 
2.94 
3.12 
3.00 
3.26 
3.75 
3.75 


.288 
1.45 
1.85 
2.14 
2.64 
2.82 
3.32 
3.48 
3.64 
4.01 
4.56 


The  significance  of  the  above  table  is  as  follows:  If  a  piece  of  anthracite 
of  a  certain  size  falls  in  water  with  a  velocity  of  4  in.  per  second,  a  piece  of 
quartz  0.213  times  the  diameter  of  the  anthracite  will  fall  with  the  same 
velocity.  If  a  piece  of  quartz  of  a  certain  size  falls  with  a  velocity  of  7  in. 
per  second,  a  piece  of  copper  3.58  times  as  large  as  the  quartz  will  fall  with 
the  same  velocity. 

Interstmal  Currents,  or  Law  of  Settling  Under  Hindered  Settling  Conditions. 
If  d  equals  the  diameter  of  a  falling  particle,  and  D  that  of  the  tube  in  which 

it  falls,  the  larger  the  fraction  -^r,  the  greater  will  be  the  retardation  or  loss 

If  o 
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of  velocity  by  the  particle.  When  this  fraction  equals  1,  the  particle  stops. 
If,  in  Fig.  23  (a),  the  larger  circles  represent  particles  of  quartz  and  tnc 
smaller  circles  equal  settling  particles  of  galena,  then  if  these  mixed  parti- 
cles are  settling  together  or  are  held  in  suspension  by  a  rising  current  of 
water,  each  particle  may  be  considered  to  be  falling  in  a  tube,  the  walla  of 
which  consist  of  the  surrounding  particles.    Substituting  a  circle  in  each 

case  for  the  imaginary  tube,  we  hare 

•—V   ^->.  Pig.  23  (6)  representing  the  condi- 

(       )  (       )  tions   for  galena  and   quartz,  the 

\^cK^  ^^---s.  outer  circle  in  each  case  represent- 

/^a<~NO^<^        /yS\     /^       ing  the  imaginary  tube.    Endently. 

\_>t>V_>fek-^        VV-xy     ^       7^  *«  much  smaller  for  the  galeiui 

(      )(      )  ^5 .  than   for  the  quartz,  and  it  will 

\_y  \^  '  therefore  be  much  leas  impeded  in 

fa)  V      oo  ^^  ^<^1  ^^^^^  ^®  quartz:   hence,  the 

«    '  FIG.  /a.  particles  of  galena  found  adjacent 

to  the  particles  of  quartz  will  be 

smaller  than  the  ratio  that  the  law  of  equal  settlinff  particles  under 

free  settling  conditions  would  indicate.    Application  of  this  prindple  in 

found  when  a  mass  of  grains  is  subjected  to  a  rising  current  of  sufficient 

force  to  rearrange  the  grains  according  to  their  settling  power  and  the 

grains  are  said  to  be  treated  under  hindered  settling  conditions,  as  on  the 

bed  of  a  jig. 

Intsrstitial  factors,  or  multipliers  for  obtaining  the  diameter  of  the  particle 
of  quartz  that  under  hindered  settling  conditions  will  be  found  adjacent 
to  and  in  equilibrium  with  the  particle  of  the  mineral  specified,  are  the 
following: 

Copper 8.598    Casslterite 4.698    Pyrrhotite 2.808 

Galena 5.842    Arsenopyrite  ..3.737    Sphalerite 2.127 

Wolframite... 5.165    Chalcocite 3.115   Epidote 1.628 

Antimony  ...4.897    Magnetite 2.808   Anthracite  1782 

These  signify  that,  after  pulsion  has  done  its  work  on  a  jig  bed,  for  exam- 
ple, where  quartz  and  anthracite  are  being  jigged,  the  grains  will  be  so 
arranged  that  the  grains  of  quartz  are  .1782  times  the  diameter  of  the  grains 
of  anthracite  that  are  adjacent  to  and  in  equilibrium  with  them. 

Aootlcratlon.— A  particle  of  galena  that  is  equal  settling  to  the  particle  of 
quartz  reaches  its  maximum  velocity  in  perhaps  ^  the  time  required  by  the 

auartz.  The  oft-repeated  pulsations  of  a  jig,  therefore,  give  the  galena  par- 
oles a  decided  advantage  over  the  quartz,  placing  besiae  the  quartz,  when 
equilibrium  is  reached,  a  much  smaller  jparticle  of  galena  than  we  should 
expect  according  to  the  law  of  equal  settling  particles. 

Saotion  acts  to  draw  down  through  the  screen  small  grains,  mainly  of  the 
heavier  mineral,  which  are  distributed  among  large  grains.  It  increases  as 
the  length  of  plunger  stroke,  with  the  difference  in  specific  gravity  of  the 
two  minerals,  and  with  the  diminishing  of  the  thickness  of  the  bed  on  the 
sieve,  whether  of  the  heavier  mineral  only  or  of  both  minerals.  The  law 
of  suction  seems  to  be  that  jigging  is  greatly  hindered  by  strong  suction 
where  the  two  minerals  are  nearly  of  the  same  size,  the  quickest  and  best 
work  then  being  done  with  no  suction:  but  when  the  two  minerals  diflfer 
much  in  size  of  particles,  the  quartz  being  the  larger,  strong  suction  is  not 
only  a  great  advantage,  but  may  be  necessary  to  get  any  separation  at  all. 
Experiments  have  indicated  an  approximate  boundary  between  grains  that 
are  helped  and  those  that  are  hindered  by  suction:  namely,  if  the  diameter 
of  the  quartz  particles  is  equal  to  or  greater  than  3.52  times  the  diameter 
of  the  other  mijieral  particles,  then  separation  is  helped  by  suction:  if  less. 
separation  is  hindered.  This  value  3.52  (obtained  by  dividing  .0683  by  .0195) 
is  ax)proximate  only,  and  it  will  differ  with  the  fracture  of  the  quarts  under 
consideration;  if  the  quartz  grains  are  much  flattened,  it  will  have  a  large 
value. 

Eccentric  jigs  invariably  spend  more  time  on  pulsion  than  accelerated 
jigs.  Is  it  not  mir  to  conclude  that  the  eccentric  jigs  are  better  adapted  for 
treating  sands  that  require  the  most  pulsion?  Such  sands  are  the  sized 
products  from  the  trommel  and  the  first  spigot  of  the  hydraulic  clasdfler. 
On  the  other  hand,  may  not  the  long-protracted  mild  suction  of  the  acceler- 
ated jig  be  best  adapted  to  the  treatment  of  such  products  as  require 
primary  suction  for  their  separation:  for  example,  the  second  spigot  and 
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t^e  following  spigots  of  the  hydraulic  classlfler?  This  mi^  be  the  reason 
tnat  tJ:ie  Cuiiom  jig  has  fouud  so  great  favor  at  Lake  Superior  and  at 
An&conda,  where  all  the  jigging  is  done  on  true  hydraulic-separator 
products,  except  the  first  sieve  of  the  first  jig.  We  should,  however,  bear 
in  mind  that  the  somewhat  harsh  suction  of  the  eccentric  jig  can  be  made 
inilder  by  increasing  the  hydraulic  water.  This  will  diminish  the  harden- 
ing of  the  bed,  but  it  cannot  lengthen  the  time  of  suction,  so  as  to  secure 
trie  condition  as  presented  in  this  particular  by  the  accelerated  jigs. 

Xmto  extreme  suggestions  arise  m>m  a  contemplation  of  the  experiments 
"we  Ik&ve  carried  on:  (1)  On  closely  sized  products,  an  accelerated  Jig  should 
l>e  ran  backwards,  to  lengthen  out  the  pulsion  period,  which  is  the  only 
period  that  does  any  work;  and  (2)  the  accelerated  jig  should  be  run  for- 
^wax'ils  on  the  spigot  products  of  the  hydrauUc  separator,  to  increase  the 
period  of  suction. 

Xn  the  way  of  the  first  suggestion,  there  are  two  difficulties,  either  of 
vrliich  may  cancel  the  advantafi[e:  first,  the  violent  downward  motion  of  the 
quick  return  will  tend  to  **  blind  up  "  the  sieve;  and,  second,  the  same  action 
>wlll  tend  to  pulverize  a  soft  mineral  like  galena. 

Professor  Richards  summarizes  his  experiments  in  connection  with 
jl^rsrinsr  as  follows:  The  two  chief  reactions  of  jigging  are  pulsion  and  suc- 
tion.   The  efi'ect  of  pulsion  depends  on  the  laws  of  interstitial  currents,  or 
of  equal  settling  particles,  under  liindered  settling  conditions.    The  chief 
function  Of  pulsion  is  to  save  the  larger  grains  of  the  heavier  mineral,  or  the 
grains  that  settle  faster  and  farther  than  the  waste.    The  effect  of  suction 
depends  on  the  interstitial  factor  of  the  minerals  to  be  separated.    If  this 
f&ctoris  greater  than  3.70,  suction  will  be  efficient  and  rapid.    If  the  fiactor 
is  less  than  3.70.  suction  will  be  much  hampered  and  hindered.    The  use  of 
&  long  stroke  will  help  to  overcome  this  difficulty.    The  chief  function  of 
suction  is  to  save  the  particles  that  are  too  small  to  be  saved  by  the  law 
of  interstitial  currents,  acting  through  the  pulsion  of  the  jig.    For  jigging 
xoixed  sizes,  pulsion  with  fhll  suction  should  be  used.    For  jigging  closely 
sized  products,  pulsion  with  a  minimum  of  suction  should  be  used. 

The  degree  of  sizing  needed  as  preparation  for  jigging,  if  perfect  work  is 
desired,  depends  on  tne  interstitial  factor  of  the  imnerals  to  be  separated. 
If  the  factor  is  above  3.70  (assuming  this  value  to  be  sufficiently  proved), 
then  sizing  is  simply  a  matter  of  convenience.  The  fine  slimes  should  of 
course  be  removed;  and  if  it  is  more  convenient  to  send  egg  size,  nut  size, 
pea  size,  and  sand  size,  each  to  its  own  lig,  the  suitable  screens  should  be 
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sizes.  But  if,  on  the  other  hand,  the  factor  is  below  3.70,  then  the  jigging  of 
mixed  sizes  cannot  ^ve  perfectly  clean  work,  and  the  separation  will  be 
approximate  only.    To  effect  the  most  perfect  separation,  close  sizing  must 


be  adopted,  and  the  closer  the  sizes  are  to  one  another,  the  more  rapid  and 
perfect  will  the  jigging  be.  There  may  be  conditions  where  the  jigging  of 
mixed  sizes  of  this  class  will  be  considered  sufficiently  satisfactory,  as  an 
expedient,  under  the  circumstances. 

Removal  of  Sulphur  From  Coal.— The  object  of  washing  coal  is  to  remove  the 
slate  and  pyrites,  thus  reducing  the  amount  of  ash  and  sulphur.    Many  forms 
of  washers  easily  and  cheaply  reduce  the  slate  from  20^  in  the  coal  to  896  of 
ash  in  the  coke,  but  it  is  much  more  difficult  to  reduce  4^  of  sulphur  in  the 
coal  to  1)(  or  less  of  sulphur  in  the  coke.    Sulphur  occurs  in  the  coal  in 
three  forms,  as  hydrogen  sulphide,  calcium  sulphate,  and  pyrite.    The  first 
is  volatile  and  is  removed  in  coking,  the  second  cannot  usually  be  removed 
by  preliminary  treatment,  and  it  is  the  removal  of  the  third  form  with  which 
washing  has  to  do.    The  presence  of  water  in  the  coke  ovens  apparently 
assists  the  removal  of  the  sulphur;  but  wet  coals  require  a  longer  time  for 
coking  than  dry,  and,  therefore,  pyrite  should  be  removed  as  far  as  practicable 
before  charging  the  coal  into  the  coke  ovens.    The  pyrite  in  coal  as  it  comes 
from  the  mine  seems  to  be  in  particles  even  finer  than  those  of  the  coal  dust. 
This  impalpable  powder  or  flour  pyrites  floats  in  air  or  water.    This  being 
the  case,  the  common  practice  of  usin^r  the  water  over  and  over  again  in  a. 
washery  cannot  give  the  best  results  m  the  removal  of  sulphur,  as  some 
flour  pyrites  will  be  carried  back  each  time  and  remain  witn  the  washed 
coal.    Experiments  made  by  Mr.  C.  C.  Upham,  of  New  York  City,  show  that 
the  critical  size  at  which  an  almost  complete  division  of  the  coal  and  pyrites 
takes  place  varies  with  coals  firom  different  districts  and  beds,  and  in  laying 
out  coal-washing  plants,  the  proper  fineness  of  crushing  should  be  deter- 
mined beforehand  by  carefUl  experiment.  o 
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Prtparatfoii  of  Anthraeitt.— The  method  of  preparins^  anthracite  coal 
clearly  shown,  graphically,  by  the  diagram  below.    This  consists  in  screei 
ing  the  ooal  over  bars  and  through  revolving  or  over  shaking  screei 
together  with  breaking  it  with  rolls  to  produce  the  required  market  eu 


Diagram  Showing  Method  of  Prepabing  Anthracztb  Coal. 

The  large  lumi)8  of  slate  and  other  impurities  are  separated  by  hand  on  the 
platform  near  the  dump,  while  the  smaller  portions  are  picked  out  by  auto- 
matic pickers  or  by  hand  by  boys  or  old  men  seated  along  the  chutes  leading 
to  the  shipping  pockets  or  bins.    The  smaller  sizes  are  cleaned  by  jiggtng. 


BANDUNG  OF  COAL. 
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Itn%hracittt  CoaK— The  following  may  be  taken  as  average  figures  for  the 
nsle  or  eprade  of  chutes  for  anthracite  coal,  to  be  used  where  the  chutes  are 
ine<a.  with  sheet  steel:  For  broken  or  egg  coal,  2i  in.  per  ft.;  for  stove  or 
;liest;iiut  coal,  3i  in.  per  ft.r  for  pea  coal,  4i  in.  per  ft.;  for  buckwheat  coal, 
*  in.,  per  ft.\  for  rice  coal,  7  in.  per  ft.;  for  culm,  8  in.  per  ft. 

Tt  the  coal  is  to  start  on  the  chute,  1  in.  per  ft.  should  be  added  to  each  of 
:lie  fitbove  figures;  whileif  the  chutes  are  lined  with  manganese  bronze  in 
place  of  steel,  the  above  figures  can  be  reduced  1  in.  per  ft.  for  coal  in 
DCLotioii,  or  would  remain  as  in  the  table  to  start  the  coal.  When  the  run  of 
Enixie  is  to  be  handled,  as  in  the  main  chute,  at  the  head  of  the  breaker,  the 
axxsle  shoul4' 1^  not  less  than  5  in.  per  ft.,  or  practically  22^°  from  the  hori- 
zontal. '  If  chutes  for  hard  coal  are  lined  with  glass,  the  angle  can  be 
reduced  from  20i  tb  50^,  depending  somewhat  on  the  nature  of  the  coal. 
In  slU  cases,  the  flatter  the  coal,  the  steeper  the  angle  must  be,  on  account  of 
tlie  larsre  fHction  surfaces  exposed,  compared  with  the  weight  of  the  piece. 
If  cliutes  are  lined  with  cast  iron,  the  angle  should  be  about  the  same  as 
tlia,t  employed  for  steel,  though  sometimes  a  slightly  greater  angle  is  allowed. 
IThe  rollowing  table  is  printed  through  the  courtesy  of  the  Link-Belt 
£ng:iiieeTing  Co.,  Pbiladelpnia,  Pa.: 

I*iTCH  AT  Which  Anthracite  Coal  Will  Run,  in  Inches  per  Foot. 


Sheet  Iron. 

Cast 
Iron. 

Glass. 

Glass. 

Kind  of  Coal. 

Start 
on. 

Con- 
tinue 
on. 

Start 
on. 

Start 
on. 

Con- 
tinue 
on. 

Start 
on. 

Con- 
tinue 
on. 

Dry. 

Wet. 

Broken  slate 

Dry  egg  slate... ,... . 

Dry  stOTe  slate 

Dry  chestnut  slate 

Broken  coal 

Egg  coal    

Stove  coal 

3 
4| 
41 
5i 

4i 
4f 
4f 
4f 

3 
4i 

4i 
5 

5f 

5- 

3J 
41 
4J 

3i 
3i 
3i 
3i 

il 

3 
3 
3i 

II 

3 
3 
3 
3 
2i 

ii 
it 
l\ 

n 

2i 
2i 
3 
3 

u 

1* 
2f 

Cbestimt  coal 

Pea  coal » 

Buckvfheat  No.l ..: 
Buckwheat  No.2... 
Buckwheat  No.a... 
Buckwheat  No.4...: 

2i 

3 
4 
4 

Bftuminoas  Coal  —When  the  run  of  mine  is  to  be  handled,  the  angle  of 
the  chutes  should  be  from  36°  to  45°  from  the  horizontal,  or  from^Hn.  to 
12  in.  per  ft.  If  the  coal  is  wet,  the  angle  should  always  be  steeper,  and 
coarse  coal  will  slide  on  a  flatter  angle  than  slack  or  fine  coal. 

Oro»  Rock,  Etc.— For  coarse  fairly  dry  ore,  i.  e.,  from  2  in.  or  3  in.  size  up, 
chutes  mJay  have  an  angle  of  45°,  or  if  the  material  is  always  to  be  in  motion, 
the  ore  Will  sometimes  slide  on  40°.  For  fine  ore  or  run  of  mine,  the  chutes 
should  have  an  angle  of  50°  firom  the  horizontal  or  practically  14  in.  vertical 
to  1  ft.  horizontal. 

Flunits  ind  Launders.— Water  flumes  are  given  grades  varying  from  4  or  5  to 
20  or  35  ft.  per  mile,  depending  on  the  surmce  of  the  ground  and  the  amount 
of  water  to  be  carried.  Practical  results  have  demonstrated  the  fact  that  in 
ordinary  ground  the  water  should  travel  at  the  rate  of  from  180  to  200  ft.  per 
minute. 

Where  rather  coarse  stuff  is  to  be  carried  through  launders  in  a  mill  with 
a  comparatively  small  amount  of  water,  an  angle  of  2  in.  per  ft.  should  be 
used.  With  an  excess  of  water,  1  in.  per  ft.  will  be  ample.  The  s]X)uting  for 
vanners  or  launders  from  trommels  carrying  rather  fine  material  should 
have  a  grade  of  about  2  in.  per  ft.    In  placer  mining,  the  minimum  grade 
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for  the  sluice  should  not  be  less  than  \  in.  per  ft.,  or  about  4}  in.  per  i 
Experiments  made  in  river  gravel  have  shown  that  with  a  grade  of  from  11 
20  to  1  in  25, 60  cu.  ft.  per  min.  will  wash  140  to  175  cu.  yd.  per  day  of  24  hoa 

No  absolutely  definite  figures  can  be  given  on  this  subject,  owin^  to  t 
fact  that  the  nature  of  the  ore  plays  an  important  part,  and  -while  angn) 
quartzose  ore  can  be  transported  at  a  comparativelv  flat  angle.  It  may  1 
necessary  to  use  quite  a  steep  angle  if  the  material  is  of  a  clayey  nature  1 
contains  many  large  fiat  plates,  exposing  large  iriction  sur&ces  wben  c 
pared  to  the  mass  of  the  pieces. 

The  following  tables  are  printed  through  the  courtesy  of  the  Link-I 
Engineering  Co.,  Philadelphia,  Pa.: 

Horizontal  Pressure  Exerted  by  Bituminous  Coal  Against  Vertical 
Retaining  Wali^  per  Foot  of  Length. 


8urfacedoph«{^,SL.^^ts.  It. 
Angle  of  repose 


6.37  d« 
6.37(2  d  —  1) 

10  d« 
10(2  d  —  1) 

350 


BITUMINOUS. 


Horizontal 

Sloping 

Horizontal 

Sloping 

Surface. 

Surfi 

ice. 

f3 

Surface. 

Surface. 

6  TO. 

b< 

;. 

bffi 

k 

he. 

0 

e 

1 

1 

-si 

£^ 

^i 

ti. 

« 
A 

^2 

££ 

g^ 

is 

^ 

II 

1 

p 

ii 

P 

£ 

^5 

fi 

fic 

fi 

£ 

^5 

1 

6.4 

6.4 

10 

10 

26 

4,305 

325 

6,760    i    510 

2 

25.0 

19.0 

40 

30 

27 

4,641 

338 

7,290 

530 

3 

57.0 

32.0 

90 

50 

28 

4,993 

350 

7,840 

650 

4 

102.0 

45.0 

160 

70 

29 

6,858 

363 

8,410 

670 

5 

159.0 

57.0 

250 

90 

30 

6,733 

376 

9,000 

690 

6 

229.0 

70.0 

360 

110 

31 

6,122 

389 

9,610 

610 

7 

312.0 

83.0 

490 

130 

32 

6,523 

401 

10,240 

630 

8 

407.0 

96.0 

640 

150 

33 

6,935 

414 

10,890 

650 

9 

516.0 

108.0 

810 

170 

34 

7,362 

427 

11,560 

670 

10 

637.0 

121.0 

1,000 

190 

35 

7,778 

440 

12,250 

690 

11 

770.0 

134.0 

1,210 

210 

36 

8,253 

452 

12,960 

710 

12 

917.0 

146.0 

1,440 

230 

37 

8,764 

466 

13,690 

730 

13 

1,076.0 

159.0 

1,690 

250 

38 

9,193 

478 

14,440 

750 

14 

1,248.0 

172.0 

1,960 

270 

39 

9,682 

490 

16,210 

770 

15 

1,433.0 

185.0 

2,250 

290 

40 

10,192 

508 

16,000 

790 

16 

1,630.0 

197.0 

2.560 

310 

41 

10,669 

616 

16,810 

810 

17 

1,840.0 

210.0 

2,890 

330 

42 

11,236 

529 

17,640 

830 

18 

2,063.0 

223.0 

3,240 

350 

43 

11,797 

641 

18,490 

850 

19 

2,298.0 

236.0 

3,610 

370 

44 

12,331 

654 

19,360 

870 

20 

2,548.0 

248.0 

4,000 

390 

45 

12,968 

667 

20,250 

890 

21 

2,809.0 

261.0 

4,410 

410 

46 

13,478 

680 

21,160 

910 

22 

3,083.0 

274.0 

4,840 

430 

47 

14,100 

592 

22,090 

930 

23 

3,369.0 

287.0 

5,290 

450 

48 

14,679 

605 

23,040 

960 

24 

3,669.0 

299.0 

5,760 

470 

49 

15,276 

618 

24,010 

970 

25 

3,981.0 

312.0 

6,250 

490 

50 

16,926 

631 

25,000 

990 

yCjOogle 


Weight  of  coal  =  47  lb.  per  cu.  ft. 
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oxfcizoirrAL  Pbessvbb  Exbbted  by  Anthbacxte  Coal  Against  Vertical 
Bbtaikino  Walls  pee  Foot  op  Length. 


Angle  of  repose 


9.78  d* 

9.78(2d-l) 

14.22  d-' 

14.22(2d-l) 
27° 


ANTHRACITE. 


Horisontal 
Surface. 

Sloping 
Surface. 

Horizontal 
Surface. 

Sloping 
Surface. 

6  TO. 

be. 

6  TO. 

h 

e. 

o 

1 

li 

il 

A 

^^ 

o 

li 

4 

a 

fH  2 

ft 

h| 

u  ^ 

H  £ 

t^ 

H£ 

gpc 

fi 

^:i 

c 

^^ 

£3 

fi^ 

1 

9.78 

9.78 

14.22 

14.22 

26 

6,611.1 

498.78 

9,612.8 

725.21 

2 

39.12 

29.34 

56.88 

42.66 

27 

7,129.5 

518.35 

10,366.0 

753.67 

3 

88.02 

48.90 

127.98 

71.10 

28 

7,667.6 

537.90 

11,149.0 

782.10 

4 

156.48 

68.46 

227.52 

99.54 

29 

8,225.0 

557.46 

11,988.0 

810.54 

5 

244.50 

88.02 

355.50 

127.98 

30 

8,802.0 

577.01 

12,797.0 

839.00 

6 

352.08 

107.58 

511.92 

156.42 

31 

9,398.6 

596.59 

13,665.0 

867.41 

7 

479.22 

127.14 

696.78 

184.86 

32 

10,015.0 

616.14 

14,561.0 

895.86 

8 

625.92 

146.70 

910.08 

213.30 

33 

10,650.0 

635.70 

15,486.0 

924.30 

9 

792.18 

166.26 

1,151.82 

241.74 

34 

11,306.0 

655.26 

16,439.0 

952.70 

10 

978.00 

185.82 

1,422.00 

270.18 

35 

11,980.0 

674.81 

17,420.0 

981.19 

11 

1,183.38 

206.38 

1,720.62 

298.62 

36 

12,675.0 

694.39 

18,429.0 

1,009.60 

12 

1,408.32 

224.94 

2,047.68 

327.06 

37 

13,389.0 

713.94 

19,467.0 

1,038.10 

13 

1,652.82 

244.50 

2,403.18 

355.50 

38 

14,123.0 

733.50 

20,533.0 

1,066.50 

14 

1,916.88 

264.06 

2,787.12 

383.94 

39 

14,875.0 

753.07 

21,629.0 

1,095.00 

15 

2,200.50 

283.62 

3.199.50 

412.38 

40 

15,648.0 

772.63 

22,752.0 

1,123.40 

16 

2,508.68 

303.18 

3,640.32 

440.82 

41 

16.440.0 

792.20 

23,904.0 

1,151.80 

17 

2,826.42 

322.74 

4,109.56 

469.26 

42 

17,252.0 

811.74 

25,084.0 

1,180.30 

18 

3,168.72 

342.30 

4,607.28 

497.70 

43 

18.083.0 

830.73 

26,293.0 

1,208.70 

19 

3.5S0.58 

361.86 

5,133.42 

526.14 

44 

18.934.0 

850.86 

27,530.0 

1,237.20 

20 

3,912.00 

381.42 

5.688.00 

554:58 

45 

19,804.0 

870.41 

28,793.0 

1,265.60 

21 

4,313.00 

400.98 

6.271.00 

583.26 

46 

20,695.0 

889.99 

30.090.0 

1,294.00 

22 

4,733.50 

420.54 

6,882.50 

611.46 

47 

21,605.0 

909.54 

31,412.0 

1,322.30 

23 

5,173.70 

440.10 

7,522.50 

639.90 

48 

22,533.0 

929.10 

32,763.0 

1,350.90 

24 

5,633.30 

459.67 

8,190.70 

668.35 

49 

23.482.0 

948.66 

34,143.0 

1.379.40 

25 

6,112.60 

479.22 

8,887.50 

696.79 

50 

24,450.0 

968.21 

35,550.0 

1,407.90 

HOBSEPOWEBS  FOR  COAL  CONVETOBS  (COAL  INCLUDED). 

Speed,  100  ft.  per  minute.    Conveyors,  100  ft.  long.    Standard  steel  troughs. 


!i      8U..f 

Is  'T- 

Horisontal. 

Inclined. 

0  a 

Horizontal. 

Inclined. 

Win. 

18  In. 

18  In. 

li 

Sise  of 
Flights. 

Win. 

2iln. 

Win. 

Between 

Between 

Between 

m^ 

Between 

Between 

Between 

Flights. 

Flights. 

Flights. 

Plights. 

Flights. 

Flights. 

d 

4X10 

2* 

2 

3 

t 

5X15 

4 

3i 

4? 

5i 

4X12 

3 

2i 

3i 

6X18 

5 

4 

**s 

5X12 

3i 

3 

4 

8X18 

7 

5 

8 

o'jf 

5X15 

4i 

3i 

5* 

8X20 

8 

6 

10 

0^ 

6X18 

5i 

44 

6i 

d 

8X24 

9i 

7 

lU 

H» 

•^ 

10X24 

12* 

^^2:^ 

8 

14 

446 


OBE  DBESSING  AND  PREPARATION  OF  COAL. 


Weights 

AND  Capacities  of 

Standard  Steel  Buckets. 

4 

SiseofBocket. 

Weight  of 

Bucket. 

Lb. 

Capacity  of 

Backet. 

Lb. 

Capacity  of  Elevator.     IW  per  Min. 

}i 

.3 

In. 

Lb.  per  Min. 

Net  Tons  per  Hr. 

h 

sec 

1 

12X    9X111 

18* 

11 

1,100 

33.0 

5,357 

14X    9X111 

'22k 

12* 

1,250 

37.5 

5,357 

18X    9X1U 

27 

16* 

1,650 

-    49.5 

5,357 

a! 

24X   9X1U 

36 

22 

2,200 

66.0 

5,357 

12X10X16i 

20 

19 

1,380 

41.4 

5,357 

f 

18  X 10  X  m 

29 

28* 

2,072 

62.2 

5^7 

24XlOXl6i 

38 

38 

2,760 

82.8 

5,357 

^ 

30X10X16i 

46* 

47* 

3,450 

.     108.5 

5,357 

d 

18X12X16^ 

31 

33 

2,400 

72.0 

5,357 

ISf 

24X12X16^ 

40 

44 

3,200 

96.0 

5,a57 

30  X  12  X  16i 

48 

55 

4,000 

120.0     ■• 

5.357 

Buckets  taken  |  full.    Buckets  continuous.    1  lb.  of  coal  =  34  cu.  in. 

Elevating  Capacities  op  Malleable  Iron  Buckets. 
Table  gives  tons  (2,000  lb.)  of  -pea.  coal  per  hour  at  100  ft.  per  minute. 


Buckets. 

Capacities. 

Distance  Between  Buckets  in  In. 

Size. 

Wt. 

Cu. 

In. 

Lb. 

In. 

Lb. 

8 

10 

12 

14 

16 

18 

20   1   22 

24 

2JX   4 

0.75 

15 

0.48 

2.16 

L73 

1.44 

1.23 

1.08 

'1^ 

3*X    6 

1.50 

31 

0.97 

4.36 

3.40 

2.91 

2.49 

2.18 

1.94 

1 

4X6 

2.00 

51 

1.57 

7.06 

5.66 

4.71 

4.04 

3.53 

3.14 

2.83'     ' 

4*X    7 

2.56 

75 

2.33 

10.38 

8.39 

6.99 

5.99 

5.19 

4.66 

4.19!  3.81 

5X8 

3.56 

102 

3.15 

11.34 

9.45 

8.10 

7.09 

6.30   5.67f  5.15 

4.72 

6    XIO 

5.47 

185 

5.73 

17.19 

14.73 

12.88 

11.46 10.31'  9^ 

8.59 

7    X12 

8.97 

287 

8.90 

22.88  20.02 

17.80 16.02  14:56 

13.35 

7    X14 

11.41 

295 

9.14 

20.56 

18.28 16.45  14.95 

13.71 

10    X18 

1        -l        /     ■ 

Weight  of  1  cu.  ft.  of  pea  coal  =  53.5  lb.    32.$  cu.  in.,  or  .0187  cuj  ft.  =  1  lb. 
Conveying  Capacities  op  Plights  at  100  Ft.  Per  Minute. 
(Tons  of  Pea  Coal  per  Hour.) 


Size 

Horizontal. 

Inclined. 

of 

l(fi 

20°  ' 

30° 

Flight. 
In. 

Every 
16  In. 

Every 
18  In. 

Every 
24  In. 

Lb.Cpal 
Fl?|ht. 

Every 
24  In. 

Every 
24  In. 

Every 
'24"In- 

4X10 

33.75 

30 

22.5 

15 

18.0 

14.25 

10.5 

4X12 

42.75 

38 

28.5 

19 

24.0 

18.00 
«22.*>0 

13.5 

5X12 

51.75 

46 

34.5 

23 

28.5 

16.5 

5X15 

69.75 

02 

46.5 

31 

40.5 

81.50 

22.5 

6X18 

80 

60.0 

40 

49.5 

40.50 

31.5 

8X18 

120 

90.0 

60 

72.0 

57.00 

48.0 

8X20 

105.0 

70 

84.0 

66.50 

56.0 

8X24 

135.0 

90 

120.0 

96.00 

72.0 

10X24 

172.5 

115 

150.0 

120.00 

.?0.0 

Note.— These  ratings  are  for  continuous  feed.    2,000  lb.  =■  1  ton. 


HANDLING  OF  COAL. 

HORSEPOWEB  FOR  BUCKET  ELEVATORS. 

H.P.=  NX^. 

N  =  number  taken  from  table; 

H  =  height  of  elevator  in  feet; 

w  =>:  weight  of  material  in  one  bucket; 

d  ==  distance  apart  of  buckets,  in  inches. 
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Revolu- 

Diameter  of  Head-Wheels. 

Revolu- 

tlons 

tions 

per 
Minute. 

22  In. 

24  In. 
.070 

26  In. 

28  In. 

30  In. 

32  In. 

M^ute. 

10                 .064 

.075 

.080 

.087 

.093 

10 

12                  .077 

.083 

.090 

.097 

.104 

.111 

12 

14                  .089 

.096 

.106 

.114 

.121 

.130 

14 

16                  .102 

.111 

.121 

.130 

.140 

.148 

16 

18                  .115 

.125 

.136 

.146 

.157 

.167 

18 

2D                  .128 

.139 

.151 

.162 

.174 

.186 

20 

22 

.140 

.153 

.166 

.179 

.191 

.204 

22 

24 

.153 

.167 

.181 

.195 

.209 

,223 

24 

26 

.166 

.181 

.196 

.211 

:226 

.242 

26 

28 

.179 

.195 

.211 

.227 

.244 

.260 

28    . 

30 

.191 

.209 

.226 

.244 

.261 

;gf   : 

30 

32 

.204 

.223 

.241 

.260 

.278 

,32 

34 

.217 

.237 

.256 

.276 

.296 

316 

34 

36 

.230 

.251 

.271 

.292 

.313 

!334 

36 

38 

.212 

.265 

.287 

.309 

.331 

.353 

38 

40 

.255 

.279 

.302 

.325 

.348 

.372 

40 

COST  OF  UNLOADING  COAL. 

Coal  is  generally  unloaded  from  railroad  cars  into  the  hold  of  a  vessel,  by 
aome  form  of  unloader,  which  usually  raises  the  car  bodily  and  dumps  it 
directly  into  the  hold  of  the  vessel.  In  this  way  the  cost  of  unloading  has 
been  reduced  to  a  very  small  figure,  and  the  speed  of  unloading  Neatly 
increased.  The  cost  of  unloading  is  given  by  the  makers  of  the  Brown  hoist 
as  varying  from  2i  cents  per  ton  up  to  4i  cen,ts  por  ton;  deducting  in  eacii 
case  2  cents  for  trimming  the  coal  in  the  vessel,  the  actual  cost  of  loading 
varies  from  ^  cent  to  2i  cents  per  ton,  depending  on  the  conditions.  Along 
the  Lakes  it  is  customary  to  pay  a  premium  of  i  cent  per  ton  to  all  conhected 
with  the  loading,  for  all  coal  loaded  in  excess  of  2,500  tops,  per  day  ^nd  1,800 
tons  per  night.  The  Brown  hoist  has  a  guaranteed  capacity  of  at  least  300 
tons  per  hour,  but  this  has  been  greatly  exceeded  in  practice.  The  McMyler 
end  dump  has  a  record  of  4.65  tons  per  minute,  and  the  McMyler  side  dump 
of  8.41  tons  per  minute.  These  figures  apply  to  the  lake  cities  of  the  Uilitea 
States.  (See  "  Mines  and  Minerals,"  May,  1898,  for  complete  description  of 
coal-unloading  machines.) 

The  C.  W.  Hunt  Co.,  West  New  Brighton,  New  York,  gives  the  following 
figures  for  handling  coal  along  the  Atlantic  seaboard:  The  cost  of  shoveling 
coal  by  hand  in  the  hold  of  the  vessel  into  ordinary  iron  buckets  is  about  6 
to  7  cents  per  ton  of  2,000  lb.;  the  cost  for  iron  ore,  phosphate  rock,  or  sand,! 
about  lOj^  less.  The  cost  of  shoveling  coal  arid  hoisting  it  out  of  vessel  to  the 
wharf  with  an  ordinary  hoist  with  manila  roi)e  is  12  to  13  cents  per  ton,  so 
that  the  hoisting  costs  about  the  same  as  the  shoveling.  The  cost  for  both 
shoveling  and  hoisting  with  a  steam  engine  is  10  to  11  cents  per  ton.  The 
cost  when  using  a  steam  shovel  or  grab  bucket  for  taking  up  coal  out  of  the 
vessel  varies  greatly  in  different  classed  of  vessels,  but  usually  runs  from 
about  U  to  5  cents  per  ton,  averaging  about  3  cents.  After  the  coal  is 
hoisted,  it  can  be  carried  into  storage  with  an  automatic  railway  or  other 
eflScient  i)lant,  at  a  cost  of  about  1  to  li  cents  per  ton.  In  places  where  the 
distance  is  great,  a  cable  railway  or  a  conveyor  can  be  used,  which  handles 
the  materiaiabout  as  cheaply  as  for  short  distarices,  but  the  cost  of  the  plant 
is  greatly,  increased.  ^         i         , 
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BRIQVETING. 


The  cost  of  stocking  and  unloading  anthracite  by  the  Dodge  system 
given  by  Mr.  Fiez,  *'  Mines  and  Minerals,"  June,  1898,  page  488,  as  foT* — 


temij 


BRIQUETING. 

Machines  Emplovsd.^Fuel,  fuel  dust,  and  other  products  may  be  bric^ueted 
by  a  number  of  different  styles  of  machines,  but  all  these  may  be  divided 
into  two  classes,  briquet  and  esKCtte  machines.  The  eggette  machines  liave 
a  pair  of  rollers,  the  faces  of  which  are  provided  with  semispherical  or  semi- 
ovoid  openings.  The  material  that  is  fed  between  these  rolls  crowds  into 
the  openings  of  the  two  rolls,  thus  forming  small  spheres.  The  material  is 
mixed  with  a  suitable  bond  before  being  fed  to  the  rolls,  and  the  eggettes  are 
received  on  any  suitable  form  of  traveling  belt  or  chute  and  removed  for 
drying  or  storage.  This  style  of  machine  has  not  been  used  to  any  great 
extent  in  this  country.  The  briqueting  machines  all  act  more  or  less  on  the 
principle  of  the  bnck  machine,  having  some  kind  of  a  die  or  mold  into 
which  the  material  is  crowded.  The  material  is  either  pressed  as  it  is  being 
fed  into  the  mold  or  subsequently  by  some  form  of  plunger.  For  some 
materials,  common  brick  machines,  such  as  are  used  in  the  manu- 
facture of  building  brick,  are  employed,  while  in  others  special  forms  are 
necessary. 

Briqueting  of  Fuel.— Fuel  briquets  have  not  come  into  general  use  in  the 
United  States  for  two  reasons:  (1)  on  account  of  the  great  amount  of  cheap 
fUel  available,  which  has  prevented  the  utilization  (»  culm,  coal  dust,  etc.: 
and  (2)  on  account  of  the  lack  of  or  high  price  of  suitable  bonding  material. 
This  latter  condition  is  now  being  removed  by  the  introduction  of  by-product 
coke  ovens,  from  which  supplies  of  coal  tar  can  be  obtained.  Aside  fix>m  peat 
and  cert£dn  kinds  of  brown  coal,  and  possibly  some  caking  coals,  it  is  neces- 
sary to  employ  a  bond  in  the  making  of  any  fuel  briquets.  This  is  especially 
true  in  the  case  of  anthracite  coal  The  present  tendency  is  to  employ  no 
inorganic  bonding  materials,  as  they  increase  the  ash.  The  material  to  be 
briqueted  should  be  as  clean  and  ft'ee  fh>m  dirt  or  slate  as  possible,  and  the 
particles  should  be  of  practically  uniform  size,  the  most  satisfactory  product 
being  from  coal  crushed  to  about  iin.  cube  size.  The  coal  must  be  thor- 
oughly mixed  with  bonding  material  and  then  subjected  to  a  heavy  pressure. 
One  advantage  claimed  for  briquets  is  that  they  can  be  made  of  saen  a  form 
as  to  occupy  less  space  than  the  original  ftiel.  The  French  navy  has  found 
it  possible  to  store  10^  more  briquets  than  coal  in  a  given  space,  and  also 
that  the  loss  by  breakage  and  pulverization  is  very  mucn  less.  Under  favor- 
able conditions,  fuel  can  be  briqueted  for  20  cents  per  ton,  and  the  following 
are  some  of  the  advantages  claimed  for  these  briquets:  They  are  sound 
throughout  and  will  not  decrepitate  while  burning,  thus  reducing  the 
loss  by  fine  material  working  through  the  grates.  The  bond,  if  properly 
selected,  renders  the  briquets  practically  waterproof,  so  that  they  are  not 
injured  if  kept  in  storage,  do  not  evolve  combustible  gases,  nor  ignite  ftom 
spontaneous  combustion.  There  is  no  fine  material  mixed  with  the  briquets, 
and  hence  a  more  uniform  fire  can  be  maintained  with  them. 

Briquetins  of  Flue  Dust — Flue  dust  fVom  iron  blast  furnaces  has  been  suc- 
cessfully briqueted  in  a  number  of  instances.  One  firm  employs  a  common 
brick  machine,  making  bricks  2i  in.  X  4i  in.  X  9  in.  With  this  machine, 
they  mix  the  flue  dust  with  3^  of  lime  and  3^  of  cement,  the  lime  acting  as 
a  flux  in  the  ftirnace.  These  machines  work  with  comparatively  light  pres- 
sure.   When   regular  briqueting  machines,  producing  round  bricks  and 
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mploiriiig  high  pressures  are  emplpyed,  no  cement  need  be  used,  the  flue  dust 
eixk^  nixed  witn  44  to  6ifk  Ume.  The  flue  dust  is  first  carsflilly  screened  ftom 
&r>d  iTimps  and  then  mixed  warm  with  milk  of  lime  in  a  mixer,  after 
7lilcli.  it  is  put  through  the  press,  and  the  briquets  are  then  placed  in  drying 
vens  and  subjected  to  heat  fh>m  the  gases  of  a  boiler  or  fUrnace  plant, 
be  tconperature  not  to  exceed  300°  F.  For  moderate  sized  briquets,  about 
liouTs^  drying  is  sufficient.  Just  before  the  briquets  are  quite  dry,  they 
xe  loaded  into  barrels  and  taken  direct  to  the  blast  furnace,  with  as 
ittle  handling  as  possible.  The  results  have  been  very  satisfactory  com- 
Mtred  with  the  ore  replaced.  The  flue  dust  Itself  frequently  contains  SO^t  to  409( 
uetaXlic  iron  and  more  or  less  carbonaceous  matter.  It  is  also  stated  that  at 
k  lajrge  fUmace  plant  the  cost  of  making  and  handling  should  not  exceed 
n.  per  ton. 

Another  'firm,  figuring  on  a  basis  of  180  tons  per  24  hours,  and  using  39( 
Ime  In  the  solution,  gave  the  following  figures: 

4  tons  lime,  93.00  per  ton 912.00 

2  machine  tenders  (day  and  night),  12 hours,  atJt2.50 5.00 

2  laborers  (day  and  nig^t),  12  hours,  at  $1.75 8.50 

Oil  and  waste  2.00 

Wear  on  machinery 1.50 

Interest  on  cost  of  plant 1.00  925.00 

Tills  is  less  than  20  cents  per  ton.  This  estimate  does  not  take  into  con- 
sideration the  cost  of  power,  which  would  be  about  85  H.  P.,  nor  does  it  take 
into  consideration  hauling  of  material  to  plant  and  removing  of  briquets. 

Cubic  Feet  Occupied  by  2,000  Pounds  op  Various  Coalb. 
{Link-Beli  Engineering  Co.,  FkOaddphia,  Pa.) 


Varieties. 

Broken. 

Egg. 

Stove. 

Chestnut. 

Pea. 

lyRcka wanna,  anthracite 

37.10 
87.80 
37.55 
38.05 
34.90 
34.95 
83.80 
34.65 
85.85 
85.45 

36.65 
36.95 
37.25 
37.70 
34.85 
84.85 
83.80 
84.20 
35.20 
84.95 

84.90 
86.85 
87.55 
87.25 
84.75 
33.75 
83.56 
33.80 
34.60 
34.35 

34.85 
36.35 
87.26 
37.25 
34.70 
34.00 
82.55 
83.65 
33.30 
33.70 

37.25 

Garfield  red  adi,  anthracite 

Lykens  VaUey,  anthracite 

Shamokin,  anthracite  

Wilkea-Barre,  anthracite 

Lehigh,  anthracite 

Liorbirry,  anthracite 

Scranton.  anthracite - 

37.60 
38.60 
38.60 
36.90 
36.90 
33.05 
35.20 
34.95 

Pittston,  anthracite  

35.50 

ChiTnhArifl.Tid.  bituminous  .... 

86  fK 

PocahontAR.  bitiitni 

tious 

34.00 

Clearfield,  bituminous 

New  River,  bituminous 

33.1 
40. 

>5 
15 

Ameri 
Englis 

can  cf 
h  can 

mnel,  I 
nel,  bi 

tuminoua.. 

41.60 
42.80 

TREATMENT  OF  INJURED  PERSONS. 

The  dangers  to  be  feared  in  case  of  wounds,  are:  shock  or  collapse,  loss  of 
bloody  and  unnecessary  suffering  in  the  moving  of  the  patient. 

In  shock,  the  injured  person  lies  pale,  faint,  and  cold,  sometimes  insen- 
sible, with  feeble  pulse  and  superficial  breathing.  The  cause  of  death  in 
case  of  a  shotik  is  arrest  of  heart  action,  produced  by  the  suspension  of  the 
functions  of  the  brain  and  spinal  cord.  In  treatment,  the  two  most  import- 
ant parts  are:  (1)  the  position  of  the  injured  person;  (2)  the  application  of 
external  warmth. 

The  injured  person  should  at  once  be  placed  in  a  recumbent  position,  his 
head  resting  on  a  plane  lower  than  that  of  his  trunk,  le^,  and  feet.  He 
should  be  well  wrapped  up  and  protected  from  the  chillmg  influences  of 
external  air.  When  there  Is  danger  of  immediate  death,  stimulants  should 
be  siven'  in  all  other  conditions  of  shock,  stimulants  are  injurious. 

Lots  of  Blood.— In  case  of  loss  of  blood,  two  conditions  present  themselves: 
(1)  The  bleeding  is  airested  spontaneously  or  otherwise,  but  the  injured 
person  presents  all  the  symptoms  of  loss  of  blood;  (2)  the  injured  i>erson  is 
actually  bleeding,  and  he  is.  or  is  not,  suflbring  from  loss  of  blood. 

In  the  first  condition,  life  is  threatened  by  anemia  of  brain  and  spinal 
cordt  and  all  the  efforts  of  treatment  are  to  direct  the  flow  of  whatever 
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quantity  of  blood  may  still  remain  in  the  body  to  the  vital  centers  in  the 
brain  and  spinal  cord.  This  is  most  efficiently  done  by  placing  the  injured 
person  in  a  recumbent  position,  with  his  head  resting  on  a  plane  somewhat 


Fig.  1. 


Flu.  2. 


lower  than  that  of  hiB  trunk  and  legs.  In  gr&ver  cases,  constricting  bands 
should  be  applied  to  both  arms,  as  near  the  shoulders  as  possible,  and  to 
both  thighs,  as  near  the  abdomen  as  possible.  This  last  maneuver  directs 
the  entire  quantity  of  blood  in  the  body  to  the  suffering  centers,  the  centers 
of  life  itsell.    Stimulants  may  be  sparingly  administered. 

If  there  is  bleeding,  do  not  try  to  stop  it  by  binding  up  the  wound.    The 
current  of  blood  to  the  part  must  be  checked.    To  do  this,  find  the  artery,  by  its 
beating;  lay  a  firm  and  even  compress  or  pad  (made  of  cloth  or  i 
up,  or  a  round  stone  or  piece  of  wood  well  wrapped)  over 
( Fig.  1) .   Tie  a  handkerchief  around  the  limb  and  compress;  put  a 
bit  of  stick  through  the  handkerchief  and  twist  the  latter  up 
until  it  is  just  tight  enough  to  stop  the  bleed- 
ing; then  put  one  end  of  the  stick  under 
the  handkerchief,  to  prevent  untwisting, 
as  in  Fig.  2. 

The  artery  in  the  thigh  runs  along  the 
inner  side  of  the  muscle  in  front  near  the 
bone,  as  shown  by  dotted  line  in  Fig.  3. 
A  little  above  the  knee  it  passes  to  the 
back  of  the  bone.  In  injuries  at  or  above 
the  knee,  apply  the  compress  higher  up. 
on  the  inner  side  of  the  thigh,  at  the  point 
P,  Fig.  3,  with  the  knot  on  the  outside  of 
the  thigh. 

When  the  leg  is  injured  below  the 
knee,  apply  the  compress  at  the  back  of 
the  thigh,  just  above  the  knee,  at  P,  Fig.  4, 
and  the  knot  in  front,  as  in  Figs.  1  and  2. 
The  artery  in  the  arm  runs  down  the  inner  side  of  the  large  muscle  in 
front,  quite  close  to  the  bone,  as  shown  by  dotted  line;  low  down  it  is  ftirther 
forwards,  towart^  the  bend  of  the  elbow.  It  is  most  easily  compre^ed  a 
little  above  the  middle,  at  P,  Fig.  5.  Care  should  be  taken  to  examine  the 
limb  from  time  to  time,  and  to  lessen  the  compression  if  it  becomes  cold 
or  purple;  tighten  up  the  handkerchief 
again  if  the  bleeding  begins  afresh. 

To  Transport  a  Wounded  Person  Comfortably. 
Make  a  soft  and  even  bed  for  the  injured 
part,  of  straw,  folded  blankets,  quilts,  or 


Fig.  3. 


Fig. 


Fig.  6. 


pillows,  laid  on  a  board  with  side  pieces  of  board  nailed  on,  when  this  can 
be  done.  If  possible,  let  the  patient  be  laid  on  a  door,  shutter,  settee,  or 
some  firm  support,  properly  covered.  Have  sufficient  force  to  lift  him 
steadily,  and  let  those  that  bear  him  not  keep  step. 

Should  any  imxwrtant  arteries  be  opened,  apply  the  handkeichief,  as 
ecommended.    Secure  the  vessel  by  a  surgeon's  dressing  forceps,  or  by  & 
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hook,  then  have  a  silk  ligatoie  put  around  the  vessel,  and  tighten.  Should 
the  hleedlng  be  from  arterial  vessels  of  small  size,  apply  pertulpkaU  cff  iron^ 
either  in  tincture  or  in  powder,  by  wetting  a  piece  orlmt  or  8ponG:e  with  the 
solntion;  then,  after  bleeding  ceases,  apply  a  compress  against  the  parts,  to 
sustain  them  during  the  application  of  the  persulphate  of  iron,  ana  to  pre- 
vent ftirther  bleeding,  should  it  occur.  The  persulphate  of  iron  should  be 
kept  in  or  about  all  working  places. 

Ble»dlBf  From  Soalp  Woonda.— A  pad  or  compress  is  placed  immediately 
before  the  ear,  over  the  region  marked  by  a  dotted  line,  Fig.  6.  The  com- 
press is  finnly  secured  by  a  nandkerchlef.  If  this  does  not  arrest  bleeding,  a 
similar  compress  on  the  opposite  side  should  be  applied.  Should  the  bleed- 
ing issue  from  a  wound  of  the  posterior  or  back  part  of  the  head,  a  compress 
should  he  plac^  behind  the  ear,  over  the  region  marked  by  the  dotted  line. 
Fig.  6,  and  firmly  secured  by  a  handkerchief  or  bandage. 

TREATMENT  OF   PERSONS  OVERCOME    BY   GAS. 

Miners  are  exposed  to  asphyxia  when  the  circulation  of  the  air  is  not  suf- 
ficiently active,  when  the  mine  exhales  a  quantity  of  deleterious  gas,  when 
they  imprudently  penetrate  into  old  and  abandoned  workings,  and  when 
there  is  an  explosion. 

The  symptoms  of  asphyxia  are  sudden  cessation  of  the  respiration,  of  the 
pulsations  of  the  heart,  and  of  the  action  of  the  senses;  the  countenance  is 
swollen  and  marked  with  reddish  spots,  the  eyes  are  protruded,  the  features 
are  distorted,  and  the  face  is  often  livid,  etc. 

The  best  and  first  remedy  to  emplov,  and  in  which  the  greatest  confidence 
ought  to  be  placed,  is  the  renewal  of  the  air  necessary  for  respiration. 
Proceed  as  follows: 

1.  Promptly  withdraw  the  asphyxiated  person  from  the  deleterious  place 
and  esrpose  him  to  pure  air. 

2.  Ijoosen  the  clothes  round  the  neck  and  chest,  and  dash  cold  water 
in  the  face  and  on  the  chest. 

3.  Attempts  should  be  made  to  irritate  the  mucous  membrane  with  the 
feathered  ena  of  a  quill,  which  should  be  gently  moved  in  the  nostrils  of  the 
insensible  person,  or  to  stimulate  it  with  a  bottle  of  volatile  alkali  placed 
under  the  nose. 

4.  Keep  up  the  warmth  of  the  body,  and  apply  mustard  plasters  over  the 
heart  and  around  the  ankles. 

5.  If  these  means  fail  to  produce  respiration,  Doctor  Sylvester's  method 
of  TOToducing  artificial  respiration  should  be  tried  as  follows: 

Place  the  patient  on  the  back  on  a  flat  surface,  inclined  a  little  upwards 
ftom  the  feet;  raise  and  support  the  head  and  shoulders  on  a  small  firm 
cushion  or  folded  article  of  dress  placed  under  the  shoulder  blades.  Draw 
forwards  the  patient's  tongue  and  keep  it  projecting  beyond  the  lips;  an 
elastic  band  over  the  tongue  and  under  the  chin  will  answer  this  purpose,  or 
a  piece  of  string  or  tape  may  be  tied  around  them,  or  by  raising  the  lower 
jaw  the  teeth  may  be  made  to  retain  the  tongue  in  that  position.  Remove 
all  tight  clothing  m>m  about  the  neck  and  chest,  especially  the  suspenders. 
Then  standing  at  the  patient's  head,  grasp  the  arms  just  above  the  elbows, 
and  draw  the  arms  gently  and  steadily  upwards  above  the  head,  and  keep 
them  stretched  upwards  for  2  seconds  (by  this  means  air  is  drawn  into  the 
lungs).  Then  turn  down  the  patient's  arms  and  press  them  gently  and 
finnly  for  2  seconds  against  the  sides  of  the  chest  (by  this  means  air  is  pressed 
out  of  the  lungs).  Repeat  these  measures  alternately,  deliberately,  and  per- 
severingly  about  15  times  in  a  minute,  until  a  spontaneous  efifort  to  respire 
is  perceived,  immediately  upon  which  cease  to  imitate  the  movements  of 
breathing,  and  proceed  to  induce  circulation  and  warmth. 

6.  To  promote  warmth  and  circulation,  rub  the  limbs  upwards  with  firm, 
crasping  pressure  and  energy,  using  handkerchiefs,  flannels,  etc.  Apply  hot 
flannels,  bottles  of  hot  water,  heated  bricks,  etc.  to  the  pit  of  the  stomach, 
the  arm  pits,  between  the  thighs,  and  to  the  soles  of  the  feet. 

7.  On  the  restoration  of  life,  a  teaspoonful  of  warm  water  should  be  given, 
and  then,  if  the  power  of  swallowing  has  returned,  small  quantities  of  wine, 
warm  brandy  and  water,  or  cofifee  should  be  administered. 

8.  These  remedies  should  be  promptly  applied,  and  as  death  does  not 
certainly  appear  for  a  long  time,  they  ought  only  to  be  discontinued  when  it 
is  clearly  confirmed.  Absence  of  the  pulsation  of  the  heart  is  not  a  sure  sign 
of  death,  neither  is  the  want  of  respiration. 
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Coal  Bxalebs'  Ooiovtivq  Table,  for  Ascbbtainimg  the  Price  of  Ant 
Number  of  Pounds,  at  a  Given  Price  per  Ton  of  2,000  Poundb. 


Lb. 

10.75 

$1.00 

•1.26 

11.60 

11.75 

12.00 

92.26 

92J50 

f2.75 

~~io" 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

m 

.01 

20 

.01 

.01 

.01 

.02 

.02 

.02 

.02 

.03 

.03 

80 

.01 

.02 

.02 

.02 

.03 

.08 

.08 

.04 

.04 

40 

.02 

.02 

.03 

.03 

.04 

.04 

.04 

.05 

.06 

60 

.02 

.02 

.03 

.04 

.04 

.05 

.06 

.06 

.07 

60 

.02 

.03 

.04 

.06 

.05 

.06 

.07 

.08 

.08 

70 

.03 

.03 

.04 

.05 

.06 

.07 

.08 

.09 

.10 

80 

.03 

.04 

.05 

.06  . 

.07 

.08 

.09 

.10 

.U 

90 

.03 

.04 

.06 

.07 

.08 

.09 

.10 

.U 

.12 

100 

.04 

.05 

.06 

.08 

.09 

.10 

.11 

.13 

.14 

200 

.08 

.10 

.13 

.15 

.17 

.20 

.23 

.25 

.28 

900 

.11 

.15 

.19 

.23 

.26 

.80 

.34 

.88 

.41 

400 

.15 

.20 

.25 

.80 

.35 

.40 

.45 

.50 

.55 

600 

.19 

.26 

.81 

.38 

.44 

.60 

.56 

.63 

.69 

600 

.23 

.30 

.87 

.45 

.68 

.60 

.68 

.75 

.83 

700 

.26 

.85 

.44 

.53 

.61 

.70 

.77 

.88 

.96 

800 

.80 

.40 

.50 

.60 

.70 

.80 

.90 

1.00 

1.10 

900 

.84 

.45 

.56 

.68 

.79 

.90 

1.01 

1.13 

1.24 

1,000 

.38 

.50 

.68 

.75 

.88 

1.00 

1.13 

1.25 

1.38 

1,100 

.41 

.55 

.69 

.83 

.96 

1.10 

1.24 

1.88 

1.51 

1,200 

.45 

.60 

.75 

.90 

1.05 

1.20 

1.35 

1.50 

1.65 

1,300 

.49 

.65 

.81 

.98 

1.14 

1.80 

1.46 

1.63 

1.79 

1,400 

.52 

.70 

.88 

1.05 

1.22 

1.40 

1.58 

1.75 

1.93 

1,500 

.56 

.75 

.94 

1.18 

1.81 

1.50 

1.69 

1.88 

2.06 

1,600 

.60 

.80 

1.00 

1.20 

1.40 

1.60 

1.80 

2.00 

2.20 

1,700 

.64 

.86 

1.06 

1.28 

1.49 

1.70 

1.91 

2.13 

2.34 

1,800 

.68 

.90 

1.18 

1.36 

1.58 

1.80 

2.03 

.  2.25 

2.48 

1,900 

.71 

.96 

1.19 

1.43 

1.66 

1.90 

2.14 

2.38 

2.61 

Lb. 

98.00 

•3.26 

tSOX) 

98.76 

94.00 

$4.25 

94.60 

94.76 

95.00 

10 

.02 

.02 

.02 

.02 

.02 

.02 

.03 

.03" 

.03 

20 

.03 

.03 

.04 

.04 

.04 

.06 

.05 

.06 

.05 

30 

.06 

.05 

.05 

.06 

.06 

.07 

.07 

.07 

.06 

40 

.06 

.07 

.07 

.08 

.08 

.09 

.09 

.10 

.10 

60 

.08 

.08 

.09 

.09 

.10 

.11 

.12 

.12 

.13 

60 

.09 

.10 

.11 

.11 

.12 

.13 

.14 

.15 

.15 

70 

.11 

.11 

.12 

.13 

.14 

.16 

.16 

.17 

.18 

80 

.12 

.13 

.14 

.16 

.16 

.17 

.18 

.19 

.20 

90 

.14 

.16 

.16 

.17 

.18 

.19 

.20 

.22 

.28 

100 

.15 

.16 

.18 

.19 

.20 

.22 

.23 

.24 

.25 

200 

.80 

.83 

.35 

.88 

.40 

.43 

.45 

.48 

.50 

300 

.45 

.49 

.53 

.66 

.60 

.64 

.68 

.72 

.76 

400 

.60 

.65 

.70 

.76 

.80 

.86 

.90 

.95 

1.00 

500 

.76 

.81 

.88 

.94 

1.00 

1.07 

1.18 

L19 

1.25 

600 

.90 

.98 

1.05 

1.18 

1.20 

1.28 

1.36 

1.48 

1.60 

700 

1.05 

1.14 

1.23 

1.31 

1.40 

1.49 

1.58 

L67 

1.76 

800 

1.20 

1.30 

1.40 

1.60 

1.60 

1.70 

1.80 

1.90 

2.00 

900 

L35 

1.46 

1.58 

L69 

1.80 

1.92 

2.03 

2.14 

2.25 

1,000 

1.50 

1.68 

1.75 

1.88 

2.00 

2.18 

2.26 

2.88 

2.50 

1,100 

1.65 

1.79 

1.98 

2.06 

2.20 

2.84 

2.48 

2.62 

2.76 

1,200 

1.80 

1.95 

2.10 

2.26 

2.40 

2.66 

2.70 

2.85 

8.00 

1,300 

1.96 

.  2.11 

2.28 

2.44 

2.60 

2.77 

2.93 

8.09 

8J25 

1,400 

2.10 

2.28 

2.46 

2.63 

2.80 

2.96 

8.15 

8.88 

8.60 

1,500 

2.25 

2.44 

2.63 

2.81 

3.00 

8.19 

8.88 

8.67 

8.76 

1,600 

2.40 

2.60 

2.80 

8.00 

3.20 

8.40 

8.60 

8.80 

4.00 

1,700 

2.55 

2.76 

2.98 

8.19 

8.40 

8.62 

8.88 

4.04 

4.25 

1,800 

2.70 

2.93 

8.16 

8.88 

8.60 

8.88 

4.06 

4.28 

4.60 

1,900 

2.85 

3.09 

8.33 

8^ 

3.80 

AM 

4.28 

4.52 

4.75 
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TABLE  OF  NATURAL  SINES,  COSINES. 
TANGENTS.  AND  COTANGENTS. 


EXPLANATION. 

Gives  an  Mfla,  to  Hud  Itt  sine,  ooslno,  tangent,  and  ooteogent: 

Example.— Find  the  sfne,  cosine,  tangent,  and  cotangent  of  ST**  24'. 

Look  in  the  table  of  natural  sines  along  the  tops  of  the  pages,  and  find  37^. 
Olancing  dovm  the  left-hand  column  marked  (').  until  24  is  found,  find 
opposite  this  24  in  the  column  marked  tine  and  headed  87<^,  the  number 
.€0738;  then  .60738  =  sin  87°  24^  Similarly,  find  in  the  column  marked 
cosine  and  headed  37°,  the  number  .79441,  which  corresponds  to  cos  37°  24'. 
So,  also,  find  in  the  column  marked  tangent  and  headed  37°,  and  opposite  24' 
tlie  number  .76456;  and  in  the  column  marked  cotangent  and  headed  37°,  and 
opposite  24',  the  number  1.30795. 

In  most  of  the  tables  published,  the  angles  run  only  fh>m  0°  to  45°  at  the 
lieads  of  the  columns;  to  find  an  angle  greater  than  45°,  look  at  the  botlom  of 
the  page  and  glance  Mpwards,  using  the  extreme  right-hand  column  to  find 
minutes,  which  begin  with  0  at  the  bottom  and  run  upwards,  1,  2,  3,  etc., 
up  to  60.  • 

£xAMPLE.~Find  the  sine  of  77°  43'. 

Look  along  the  bottom  of  the  tables  until  the  column  marked  sine  and 
marked  77°  is  found.  Glancing  up  the  column  of  minutes  on  the  right  until 
43'  Is  found,  find  opposite  43'  in  the  column  marked  sine  at  the  bottom  and 
marked  77°,  the  number  .97711;  this  is  the  sine  of  77°  43'.  Similarly,  the 
csosine,  tangent  and  cotangent  may  be  found. 

To  find  the  sine,  cosine,  tangent,  or  cotangent  of  an  angle  whose  exact 
yalue  is  not  given  in  the  table: 

Rule.— -Wnd  in  the  table  the  sine,  cosine,  tangent,  orjcotangent  corresponding 
to  the  degrees  and  minutes  qf  the  angle. 

For  the  seconds,  find  the  difference  qf  the  values  of  the  sine,  cosine,  tangent,  or 
cotangent  taken  from  the  tableoetween  which  the  seconds  of  the  angle  faU;  multiply 
this  difference  by  a  fraction  whose  numerator  is  the  number  qf  seconds  in  the  given 
angle  and  whose  denominator  is  80. 

If  sine  or  tangent,  add  this  correction  to  the  valuz  first  found;  if  cosine  or 
cotangent,  subtract  the  correction. 

Example.— Find  the  sine,  cosine,  tangent,  and  cotangent  of  56°  43'  17". 

Sin  56°  43'  =  .83597.  Sin  56°  44'  =  .83613.  Since  56°  43'  17"  is  greater  than 
56°  43'  and  less  than  56^  44',  the  value  of  the  sine  of  the  angle  lies  between 
.83597  and  .83613;  the  difference  equals  .83613  —  .83597  =  .00016;  multiplying 
this  by  the  flection  U,  .00016  X  ii  »  .00005,  nearly,  which  is  to  be  add^ 
to  .83597,  the  value  first  found,  or  .83597  +  .00005  =  .83602.  Hence,  sin 
66°  43'  17"  =  .83602. 

Cos  56°  43'  =  .64878;  cos  56°  44'  =  .54854;  the  difference  equals  .54878 
—  .54854  =  .00024,  and  .00024  X  H  =  -00007,  nearly.  Now,  since  the  cosine  is 
desired,  we  must  subtract  this  correction  from  cos  56°  43',  or  .54878;  subtract- 
ing. .54878  -  .00007  =  .54871.    Hence,  cos  56°  43'  17"  =  .54871. 

Given  the  aine,  ooalne,  tangent,  or  cotangent,  to  find  the  angle  oorreaponding: 

ExampIb.— The  sine  of  an  angle  is  .47486;  what  is  the  angle? 

Consulting  the  table  of  natural  sines,  glance  down  the  columns  marked 
sine  until  .474B6  is  found,  opposite  21'  in  the  left-hand  column  and  under  the 
column  headed  28°.  Therefore,  the  angle  whose  sine  =  .47486  is  28°  21',  or 
sin  28°  21'  =  .47486. 

To  find  the  angle  corresponding  to  a  fiiven  sine,  cosine,  tangent,  or 
cotangent  whose  exact  value  is  not  contained  in  the  table: 

Rule.— /'ind  the  difference  qf  the  two  numbers  in  the  table  between  which  the 
given  sine,  cosine,  tangent,  or  cotangent  falls,  and  use  the  number  qf  parts  in  this 
differenceastheaenominator  of  a  fraction.  o 
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Find  the  difference  between  the  number  belonging  to  the  smaller  angle  and  the 
given  sine,  cosine,  tangent,  or  cotangent,  and  use  the  number  of  parts  in  the  dif- 
ference just  found  as  the  numerator  of  the  fraction  mentioned  above.  MvUiplv 
thisfroAxtion  by  60,  and  the  result  toiU  oe  the  number  of  seconds  to  be  added  to  the 
smaller  angle. 

Example.— Find  the  angle  whose  sine  equals  .57698. 

Looking  in  the  table  of  natural  sines,  m  the  column  marked  sine,  it  is 
found  between  .57691  =  sin  35°  14'  and  .57715  =  35o  ly.  The  difTerence 
between  them  is  .57715  —  .57691  =  .00024,  or  24  parts.  The  diflference  between 
the  sine  of  the  smaller  angle,  or  sin  35^  14'  =  .57691,  and  the  given  sine,  or 
.57698,  is  .57698  —  .57691  =  .00007,  or  7  parts. 

Then,  A  X  60  =  17.5",  and  the  angle  =  35°  14'  17.5",  or  sin  35°  14'  17.6" 
=  .57698. 

The  cosecant  of  an  angle  is  eaual  to  the  reciprocal  of  its  sine,  and  the 
secant  is  eqilal  to  the  reciprocal  or  its  cosine.  Hence,  to  multiply  a  quantity 
by  the  cosecant,  divide  it  by  the  sine;  or,  to  divide  it  by  the  cosecant, 
multiply  it  by  the  sine.  Similarly,  to  multiply  a  quantity  by  the  secant  of 
an  angle,  divide  it  by  the  cosine;  or,  to  divide  it  by  the  secant,  multiply  it 
by  the  cosine. 
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J7815 
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Mm 

J0890 

.r888 

.22888 

J74a0 

J 

'        ^      /         *^7<4«« 
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J8ua 

J084e 

.87808 

.22668 

.fM24 

J 

^      /          ^^74fil 

/     .9e4«S           .1»1«7 

.98146 

.908n 

.97787 

JS688 

J7417 

.] 

^       1           ^17*7» 

f     :SS4M            .19196 

J8140 

JQ806 

.97781 

.22898 

.07411 

J 

^        1           ^17fi08 

/     :90agg           .19994 

.98136 

J088S 

.97784 

.22687 

.87404 

J 

^        1           .17fiST 

f     rSSZSo           .19SS3 

.981» 

.90962 

.22666 

.97888 

A 

^        f            Il754l5 

1     .90446           .19981 

J8m 

.90890 

.97772 

.22688 

.878M 

.1 

^C^         1            .17994 

.9044O 

.19809 

J8118 

J1019 

.97766 

.22792 

.97884 

.3 

\          .176SS 

.984a6 

.19888 

jeiii 

.21047 

.97760 

.87378 

.J 

JX           1         •"«** 

.98430 

.19888 

J8107 

J1076 

.97764 

J3778 

.87871 

.1 

iS        1      .n«8o 

1^           \       .17708 

96496 

.19695 

jeioi 

.21104 

.97748 

.22807 

.97888 

4 

I98430 
.98414 

.1943S 

.98080 

J11S2 

.97742 

.22886 

.87868 

4 

.19403 

jeoeo 

J1161 

.87736 

.98883 

.97861 

J 

.19481 

J8084 

J1188 

.97729 

J2a92 

.87846 

J 

'      .17794 
.1783S 
.ITSftS 
-17880 
•17909 
-1»8T 

'96404 

.19609 

J8079 

.81218 

.97728 

.22820 

.87388 

J 

1^" 

'96999 

.19688 

.98073 

JH246 

J7717 

.22848 

J 

1^ 

:96S94 
.96889 
.96S8S 
.96878 

.19686 
.19fi96 

.19629 
.19659 

J8067 
J8061 
J8068 

J8060 

J1S08 
.91831 
J1880 

.87711 
.97706 
.97688 
.87682 

J9977 
J8806 
.28083 

J8082 

J7886 
.87818 
J7811 
J7804 

J 
J 
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J 

2""^_ 

.5»«aT9 

.9M3ti6 

.19880 

J8044 

J1388 

.97986 

.98080 

J7288 

J 

'^^^■^^ 

""'•BS 

.19709 

.98089 

.21417 

.87680 

.28118 

.87981 

J 

5^"= ^ 

"■•»* 

.19797 

J808S 

.81446 

J7678 

.23146 

.87284 

.a 

w          ^                1  18 
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.19766 

.98097 

.21474 

J7667 

.23176 

.87278 

J 

.19794 

.98091 

.21602 

.87661 

.28208 

.87971 

A 

.19638 

J80I6 

.21630 

.87666 

.28281 

.87264 

A 

.19861 

.98010 

J1660 

.97648 

.28260 

.97967 

A 

.19880 
.19906 

96004 

.21687 

87642 

.28288 

.97261 

J 

(6 

197988 

!21618 

.97686 

.88816 

.97244 

.19937 

.97982 

.21644 

.97680 

J8846 

.87237 

"J 
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.97987 
.97981 

.21679 
.21701 

.97628 
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.97280 
.87223 

.a 
.a 

1  Sft            .18281 
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.97976 
.97908 

.21729 
.21768 

J7611 
.87604 

J3428 
.23468 

.97217 
.97210 

.a 
.a 

\l 

,18338 

-183*7 

.97988 
.91968 

.21786 
.21814 

.97566 
.87502 

.28486 
.28514 

.97203 
.97196 

J 

.18396 

J7963 

.21848 

J7686 

.28642 

J7188 

.a 

.18414 

.1845« 

.97946 
J7840 

.21871 
J1899 

.87679 
.87578 

.28671 
.23589 

.87182 
.87176 

J 

.a 

.18+31 

.97984 

.91928 

.97666 

.23627 

.87168 

.a 

^    \       .9B218           .»»M7 

.97918 

.21966 

.97660 

.28666 

.87182 

J 

-*x 

.18ftS8 

.979SS 

.81986 

.97663 

.23684 

.87166 

J 

42 

.lacMT 

.97916 

.22013 

.97647 

.28712 

J7148 

.a 

43 

.185«i 

.97910 

.22041 

.97641 

.23740 

.87141 

.a 

44             .18AS4 

.97906 

.22070 

.97634 

J8760 

.87134 

.a 

IS             .18^3 

J>7899 

.22098 

.97528 

.28797 

JJ7127 

.J 

^    1     .lasBi 

.97888 

.82126 

.97521 

.28825 

.87120 

.a 

IS      I       .181«'' 
tS.      1       .X8T»t 

.97887 

.92165 

.97616 

.28868 

.87113 

J 

.97881 

.22188 

.97508 

.28882 

.97106 

.a 

.97876 

.22212 

.97502 

.23810 

.97100 

.a 
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.97869 

.29940 

.97496 

.28088 

.97083 

.a 

.97868 

.99988 

.97488 

.38866 

.97086 

.a 

.97867 

.99297 

.97483 

J3S96 

.97079 

J 

.97861 

J8S26 

.97476 

.24023 

.97072 

J 

.97846 

.22363 

.97470 

.24061 

.97066 

.a 

»  \    -         S      .awn 

.97838 

.22382 

.97463 

.24079 

.97058 

J 
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.22410 

.97467 

.24108 

.97061 

.a 
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J0784 
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.82488 
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.a 
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IfiO 

ie» 

170 
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1«° 

Sine 

GoriBe 

8lM 

Cosine 

Blae 

G<WiM 

Sine 

Cosine 

Sine 

c^\ 

0 

Men 

.96586 

J7564 

J8136 

.39337 

.96680 

8080S 

.96106 

JkS557 

.94553 

60 

1 

.SMIO 

.96585 

.r69S 

.96118 

.39365 

.96633 

!80989 

.95697 

.83584 

.94543 

59 

2 

.S80S8 

J6678 

.37690 

J6110 

.39398 

.96613 

.80957 

.95088 

.88613 

J946SS 

58 

s 

.SSM6 

.96670 

.97648 

.96103 

.30331 

.96605 

.80965 

.96079 

.83639 

.945SS 

57 

4 

.SSM4 

.966e3 

J7676 

.96094 

.39346 

.95696 

.81013 

.95070 

.88667 

.94614 

56 

5 

.26023 

.96566 

.37704 

.96066 

.29376 

.96688 

.31040 

.95061 

.89694 

.94604 

55 

« 

.36060 

.96547 

.27781 

.96078 

.39404 

.96579 

.31068 

.96052 

.94495 

54 

7 

.38079 

.96540 

.37769 

.96070 

.29432 

.96571 

J1095 

.95048 

.33749 

.94486 

53 
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.36107 

.96583 

.96063 

.39460 

.96663 

.81133 

.95083 

.94479 

53 

9 
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.96524 

.37815 

J6054 

.39487 

J6664 

.31151 

.95084 

.33804 

.94466 
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.96517 
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.39615 
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.81178 
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.33883 
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.97871 
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.81306 

.96006 

.83859 

.94447 

49 

12 
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.96603 

.37889 
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.89571 

J6688 

.81888 

.94997 

.33887 

.94438 
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.96484 
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.96091 

.39699 
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.81161 

.94988 

J8914 

.94438 
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14 
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.96486 

.37966 

.96018 

J9636 

J96611 

J(1389 

.94979 

.38948 

94416 
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15 

.36806 

.96479 

.37988 

.96006 

.39654 

J6603 

.81816 

.94970 

J8969 

.94409 
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16 

.36881 

J6471 

.38011 

.96997 

.39683 

.96496 

.81844 

.94961 

J8997 

.94899 

44 

17 

.36889 

.96468 

.38089 

.39710 

.96465 

.81873 

J94968 

.88084 

.94899 
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.36887 
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.95961 
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.95476 

.81889 
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J3061 

.94880 
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.38096 

.96973 

J9766 

.96467 

.81437 

.94968 

.33079 
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SO 
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.96440 

.96964 

.39793 

J6469 

.81464 

.94934 

J3106 
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21 
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.88150 

.96966 

.39681 

.96450 

.81488 

.94916 

.83184 
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.96435 
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.94943 
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JI3189 
.83816 

.94833 
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96933 
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.94878 
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.94813 

35 

26 
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!96894 
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.94808 
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96907 
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!94861 
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.81708 
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31 

30 

.36724 
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.96865 

!s0136 
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.95857 

.30154 
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.38513 
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J96337 

.81841 
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.33490 
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.96824 

.38641 

.95841 
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.94768 
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25 

36 
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96833 

J5819 

!94306 

24 

37 

.26820 

.96806 

.38597 

!96834 

'  !90265 

.95310 

!94196 

23 

38 

.26948 

.96301 

.38635 

.95816 

.30292 

.95801 

.31961 

.94758 

.88800 

.94186 

22 

39 

.36876 

.96298 

.38653 

.95807 

.30320 

.96893 

.81979 
J8006 

J30S4 

.94749 
JM740 

.94780 

.33687 
.83656 

.88683 

.94176 
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.94157 

21 

40 
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.96386 

!38680 

!96799 

!30348 

!96884 

20 

41 

.37083 

.96277 

.38708 

J6791 

.80876 

.95375 

19 

42 

.37060 

J6369 

.38786 

.95783 

.30403 

.95866 

J3061 

.94721 

.88710 

.94147 

16 

43 

J7088 

.96361 

.28764 

.95774 

.30431 

!96348 

Ja089 

.94713 

.88737 

.94137 

17 

44 

J7116 

.96368 

.38793 

.95766 

.80459 

.S8116 

.94703 

.88764 

J4187 

16 

45 

.37144 

.96246 

.95757 

.30486 

.95840 

.83144 

.94698 

JS79S 

JM118 

46 

.27173 

.96288 

.38847 

.95749 

.30514 

.95881 

.83171 

.94684 

.88819 

J4106 

47 

.37200 

.96230 

.38875 

.95740 

.30543 

.95838 

.83199 

.94674 

.33846 

J408e 

48 

.37228 

.96223 

.38808 

.96733 

.30570 

.96213 

.33387 

.94065 

.88874 

.94066 

49 

.27286 

.96314 

.38981 

.95724 

.30597 

.95304 

.33354 

.94666 

.83901 

.94078 

50 

.27284 

.96306 

.38950 

.96716 

.80625 

.95196 

.33383 

J4646 

.33839 

.94068 

51 

.27813 

:96198 

.88987 

.95707 

.80653 

.95186 

.33809 

.94687 

.88956 

.94058 

52 

.27840 

.29016 

.95698 

.80680 

.95177 

.32337 

.94687 

.83983 

.94049 

53 

.96183 

.29042 

.95690 

95168 

88364 

.94618 
.94609 

.34011 
.84088 

.94039 
.94029 

54 

.27396 

.96174 

.39070 

.96681 

.80786 

.95169 

.83893 

55 

.27424 

.96166 

.29098 

.96673 

.30763 

.95160 

.88419 

J4599 

.84065 

.94019 

56 

.27462 

.96168 

.29126 

95664 

.80791 

.95142 

.33447 

.94690 

.84098 

■ssn 

57 

.37480 

.96160 

.29154 

.95656 

.30619 

.96138 

.83474 

.94560 

.84180 

58 

.27508 

.96143 

.29182 

.96647 

.80646 

.95134 

.88503 

.94571 

.84147 

.93989 

59 

.27586 

.96184 

.39209 

J6689 

.80874 

.95115 

JS589 

.94561 

.84175 

.93979 

60 
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.29337 

J66S0 
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.83657 

.94568 
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.98069 
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20° 

ao 

22° 
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Sine 

Cosine 

Sine 

Coeine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

.S4208    1 

.93968 

.86887 

.98368 

.87461 

.98718 

.80078 

.92060 

.40674 

51866 

I   ^     .MS29 

.99969 

.85664 

.87488 

.98707 

.39100 

58080 

.40700 

.9I'U8 

2         .S4S6T 

.98948 

.85891 

.98337 

.87615 

.92697 

.89127 

.98088 

.40727 

51881 

3         .S4384 

.93989 

.86918 

.98327 

.87542 

.92686 

.89168 

.98016 

.40768 

51319 

4         .S4S11 

.93989 

56946 

58816 

57568 

.92676 

.89180 

.93006 

.40780 

51307 

.99919 

56978 

.98806 

57585 

.92664 

.39207 

51994 

.40606 

51296 

6        '.S4908 

J9S909 

56000 

.98295 

57623 

.92653 

.89884 

.91988 

.40888 

.91288 

7         .84998 

.86087 

53285 

.87649 

.92648 

.89860 

51971 

.40860 

51272 

8         J94^sn. 

98889 

.86054 

.93274 

.87676 

.92681 

.89887 

.91960 

.40886 

.91260 

JK»79 

.86061 

.93264 

.87708 

.93620 

.89814 

51948 

.40918 

51248 

10 

.34475 

jaaa» 

56108 

.93253 

.87730 

.92609 

.89341 

.91936 

.40939 

51236 

11 

.S450S 

.93859 

.86185 

.98343 

.87767 

.92598 

.89867 

51926 

.40966 

.91224 

12 

.S45SO 

.98849 

.86163 

53282 

.87784 

.92587 

.89394 

.91914 

.40998 

.91212 

13 

JM657 

J9S839 

.86190 

.87811 

.92576 

.89421 

51902 

.41019 

51200 

14 

JS4584 

J98829 

.86817 

58211 

.87838 

.92565 

59448 

51891 

.41045 

.91188 

15 

.S4<81S 

J88819 

56244 

.98201 

.87866 

.92664 

.89474 

51879 

.41073 

.91176 

16 

jMese 

J6809 

.86271 

.93190 

.87892 

.92648 

.89501 

51868 

.41006 

51164 

17- 

.3*860 

.98799 

.86898 

.93180 

.87919 

.92532 

.89528 

51856 

.41125 

51152 

18 

.34094 

.98789 

.86826 

.98169 

57946 

.92621 

.89566 

51846 

.41161 

.91140 

19 

.84721 

.98779 

.36868 

.93160 

.87978 

.92510 

.89681 

51638 

.41178 

.91128 

20 

.84748 

J8768 

.86879 

.93148 

.87999 

52489 

.89608 

51822 

.4U04 

51116 

21 

.34775 

58759 

.86406 

58187 

.88026 

.93488 

.88686 

51810 

.41281 

.91104 

22         .S480S 

.98748 

.86484 

58127 

.38053 

52477 

.89661 

51799 

.41267 

51092 

23         34830 

jn7S8 

.86461 

.93116 

.88080 

52466 

.89688 

.91787 

.41284 

51080 

24         .34867 

4«728 

.86488 

.93106 

.88107 

.92455 

59716 

.91776 

.41810 

51068 

25         J84884 

.98718 

.86516 

.93095 

.88184 

.92444 

.89741 

.91764 

.41887 

51056 

26         .S4913 

.98708 

.86548 

.93064 

.88161 

.92432 

.89768 

51752 

.41368 

51044 

27         .S4999 

.98098 

.86569 

.98074 

.38188 

.92421 

.89796 

.91741 

.41300 

.91082 

28         .34966 

.98688 

.86596 

.93063 

58215 

.92410 

.89822 

51729 

.41416 

51020 

29         .34998 

.98677 

.86628 

.98052 

.88241 

.89648 

51718 

.41448 

51008 

SO         .86031 

.98667 

.86660 

.98042 

.38268 

.92388 

.89876 

51706 

.41469 

31         .86048 

.98657 

.86677 

.08031 

.88296 

.02377 

.89902 

51694 

.41496 

32         .86075 

.98647 

.36704 

.98020 

.88322 

.92366 

.89928 

.91683 

.41622 

.90972 

33         .86103 

.98687 

.86731 

.98010 

.88349 

.92356 

.89965 

51671 

.41649 

.90960 

34         .86130 

.98626 

.86758 

.92999 

.88876 

.92343 

.89982 

51660 

.41576 

.90948 

35         .35157 

.98616 

56785 

.92988 

.88408 

.92332 

.40006 

51648 

.41602 

.90986 

36         .85184 

.98606 

56818 

.92978 

.88430 

.92321 

.40085 

.91686 

.41688 

.90924 

37         J362U 

.98596 

56839 

.92967 

.88456 

.92310 

.40062 

51626 

.41656 

.90911 

38         .85239 

.98585 

.86867 

52956 

58488 

.92299 

51618 

.41681 

.90899 

1  39         .35266 

.98676 

56894 

.92946 

.88510 

.92287 

140116 

.91601 

.41707 

.90887 

1  40          35299 

J8666 

.86921 

.92936 

.88537 

.92276 

.40141 

.91690 

.41784 

.90875 

41         .86330 

JS666 

.86948 

.92924 

56664 

.92266 

.40168 

.91678 

.41760 

.90863 

43         .35847 

J8644 

.86975 

.92913 

.88691 

52264 

.40195 

.91666 

.41787 

.90851 

43        .36875 

J86S4 

57002 

.92902 

.88617 

52243 

.40221 

.91666 

.41818 

.90889 

44        .36403 

J»8624 

57029 

52892 

.88644 

.92231 

.40248 

.91643 

.41840 

.90826 

45        .86439 

.98614 

.87056 

52881 

58671 

.40275 

51681 

.41866 

.90814 

46        .35456 

.98608 

.87088 

52870 

58698 

52209 

.40301 

51519 

.41898 

.90802 

47 

.S6484 

.98488 

.87110 

.92859 

.88725 

.92198 

.40328 

.91606 

.41919 

.90790 

48 

.35511 

.98488 

.87187 

52848 

.88752 

.92186 

.40355 

51496 

.41946 

.90778 

49 

.855S8 

.98472 

57164 

52838 

.88778 

52175 

.40381 

51484 
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.90766 

&0 

.86665 

.98463 

57191 

52827 

58605 

.92164 

.40408 

.91472 

.41998 

.90763 

61 

.86693 

.98458 

.87218 

52816 

.88882 
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40434 

.91461 

.42024 
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52 
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.98441 

.87245 

.92806 
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!40461 

.91449 
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.90729 
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.85674 

.98481 
.98420 

.87299 

.92794 

.92784 

88886 
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.92119 

!40614 

51437 
51426 

.42077 
.42104 

.90717 
.90704 

!88912 

66 

.86701 

J»8410 

57326 

.92773 

.88989 

.92107 

.40541 

.91414 

.42130 

.90692 

56 

.85728 

.98400 

57868 

.92762 

.88966 

92096 

.40667 

51402 
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57 
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.92761 

.88998 
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.40694 
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68 
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52740 
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58 
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60 
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.42262 
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48181 
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!906ie 
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.88881 
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.42315 
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.89664 

.46451 

.89074 

.46899 

.88867 

.48682 
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.42841 

.90684 

.48916 

.89641 
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.89061 

.47024 

.88254 

.48667 
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S7 
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.42867 

.90582 

.48948 

.89628 
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.89048 
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.88840 
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.89086 

.47016 
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.42446 
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.89790 
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e 
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.44046 
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.88986 

.47158 
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.44072 
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.88861 

.47178 
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.48no 
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.44096 

.89752 

.46668 

.88968 

.47204 

.88158 

.48716 

.87821 
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.42582 

.90496 

.44124 

.89789 

.46684 

.88965 

.47229 

.88144 

.48781 

.81896 

49 

12 

.42678 

.90488 

.44161 

.89726 

.46710 

.88942 
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.88180 

.48786 
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.89718 

.45786 
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.47281 
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.90468 
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.88916 

.47806 
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.48887 
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IS 

.49667 
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.44229 

.89687 
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.88902 

.47892 

.88089 

.48882 

.87860 

45 

16 

.42688 

!90438 

.44256 

.89674 

.46818 

.88886 

.47858 

.88075 

.48888 

.87886 

44 

17 

.42709 

.90421 

.44281 

.89662 

.45889 

.88875 

.47888 

J8062 

.48818 
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48 

18 

.42786 

.90408 

.44807 

.89649 

.45866 

.88868 

.47409 

.88048 

.48886 

.87987 

42 

19 

.42762 

.90896 

.44388 

.89636 

.46891 

.88848 

.47484 

.88084 

.48064 

41 

20 

.42788 

.90383 

.44869 

.89688 

.46917 

.88886 

.47400 

.88080 

.48889 

.87178 

40 

21 

.42815 

.90871 

.44365 

.89610 

.46848 

.88829 

.47486 

.88006 

.48014 

.8n84 

89 

22 

.42841 

.90866 

.44411 

.89697 

.46868 

.47611 

.87988 

.48040 

.87158 

88 

28 

.42867 

.90846 

.44487 

.45884 

.88795 

.47687 

.87879 

.48066 

.87186 

87 

24 

.42894 

.90684 

.44464 

!89671 

.46020 

.88788 

.47562 

.87965 

.48088 

.87121 

86 

25 

.42920 

.90821 

!44490 

.89666 

.46046 

.88768 

.47688 

.89861 

.48116 

.87187 

36 

26 

.42946 

.90809 

.44616 

.46072 

.88765 

.47614 

.87887 

.48141 

.87888 

M 

27 

.42972 

.90296 

.44642 

!885S3 

.46087 

.88741 

.47689 

.87918 

.48186 

Mtrm 

88 

28 

.42999 

.90284 

.44668 

.89619 

.46128 

.88728 

.47665 

.87909 

.87864 

88 

29 

.43025 

.90271 

.44594 

.89606 

.46149 

.88716 

.47690 

.87896 

.48217 

.87868 

81 

SO 

.43051 

Mm 

.89408 

.46175 

.88701 

.47716 

.87882 

.48842 

.87886 

90 

SI 

.43077 

.90246 

.44646 

.89480 

.46201 

.88688 

.47741 

.87868 

.49268 

.87081 

29 

82 

.43104 

.41672 

.89467 

.46226 

.88674 

.47767 

.87854 

.49288 

.87687 

28 

38 

.43130 

.90221 

.44696 

.80464 

.46262 

.88661 

.47798 

.87840 

.49818 

.88888 

27 

84 

.43166 

.90208 

.44724 

.89441 

.46278 

.88647 

.47818 

.87826 

.49844 

M878 

26 

85 

.43182 

.90196 

.44760 

.89428 

.46804 

.88684 

.47844 

.87812 

.48868 

.88864 

25 

S6 

.43209 

.90188 

.44776 

.89416 

.88620 

.47809 

.87796 

.49804. 

M848 

24 

87 

.43236 

.90171 

.44802 

.89402 

!46S66 

.88607 

.47896 

.87784 

.49419 

.88885 

33 

88 

.48261 

.90168 

.44828 

.89889 

.46381 

.88698 

.47980 

.87770 
.87756 

.49445 

.86921 

82 

S9 

.43287 

.90146 

.44854 

.89876 

.46407 

.88580 

.47946 

.49470 

.88806 

21 

40 

.43313 

.90133 

.44880 

.89663 

.46488 

.88666 

.47971 

.87748 

.49485 

.86888 

20 

41 

.43340 

.90120 

.44906 

.89860 

.46466 

.88668 

.47987 

.87729 

.48581 

.88878 

19 

42 

.43366 

.90106 

.44982 

.890ST 

.88688 

.48022 

.87716 

.48546 

.86868 

18 

43 

.43302 

.90096 

.44968 

.89894 

!46610 

.88626 

.48048 

.87701 

.48671 

.88848 

44 

.43418 

.90082 

44984 

89311 

!46661 

88612 

48078 

.87687 

48586 

.86884 

45 

.43445 

.90070 

.46010 

.89898 

!88489 

:48099 

.87678 

.48622 

.86890 

4« 

.43471 

.90057 

.46086 

.89286 

.46687 

.88486 

.48124 

.87669 

.49647 

.88805 

47 

.48497 

.90045 

.46062 

.89272 

.46613 

.88472 

.48150 

.87646 

.49672 

.88781 

48 

.43523 

.90082 

.46068 

.89269 

.46689 

.88468 

.48176 

.87681 

.49697 

.867n 

49 

.43649 

.90019 

.45114 

.88246 

.46664 

.88446 

.48201 

.87817 

.48728 

J6768 

60 

.43675 

.90007 

.46140 

.89282 

.46890 

.88481 

.48226 

.87806 

.48746 

.88748 

51 

.43602 

.86994 

.46166 

.89219 

.4«716 

.88417 

.48252 

.87589 

.48778 

.88738 

52 

.43628 

.88981 

.46192 

.89206 

.46742 

.88404 

.48277 

.87575 

.48796 
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58 

.43654 

.89968 

.45218 

.88198 

.46767 

.88890 

.48806 

JB7561 

.48824 

.86704 

64 

.43680 

.88066 

.46243 

.89180 

.46798 

.88377 

.48828 

.87646 

.48848 

.86880 

65 

.43706 

.89948 

.46269 

.89167 

.46819 

.88868 

.48354 

.87588 

.48674 

.80675 

66 

.43783 

.89080 

.46295 

.89168 

.88849 

.48879 

Msn 

.48889 

.86661 

67 

.48759 

.89918 

.45821 

.89140 

'.46870 

.88886 

.48405 

MSOi 

.48894 

.86648 

68 

.43786 

.89906 

.46847 

.89127 

.46886 

.88822 

.48480 

JBHBO 

.48868 

.88688 

69 

.48811 

.89892 

.46873 

.89114 

.46021 

!48456 

.87478 

.48876 

.86817 

60 

.43837 

.80679 

.46899 

.89101 

.46947 

!88296 

.48481 

.87488 
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Sio 

32° 

88P 

84° 
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1 

sine 

Coaine 

Sine 

Coeine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Ceetne 

^  1 

.50000 

.80008 

.61604 

.85717 

.52992 

.84806 

.54464 

.88867 

.66019 

.82904 

60 

1   .50015 

.8I688 

J(1529 

.85702 

.63017 

M789 

.54488 

.88661 

.58948 

.82887 

69 
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JBi679 

.51564 

.86687 

.63041 

.84774 

.54613 

.88836 

.56668 

.82871 

68 
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.8tf60 

Aim 

Ji6672 

.63086 

.84759 

.64637 

.88819 

JS6993 

.82865 

67 
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.8«44 

.61604 

.86667 

.68091 

.84748 

.54661 

.66016 

J2889 

66 
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.86680 

.51628 

.86642 

.68116 

.84728 

.54686 

!83788 

.66040 

.82822 

63 

•   .50161 
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J^USS 

J6627 

.68140 

.84712 

.64610 

.88772 

.66064 

.82806 

54 

1      J0176 

.806M 

.61678 

.86612 

.63164 

.84897 

.54636 

.88766 

.66068 

.82790 

68 

8   .50901 

.51703 

.86697 

.63189 

.84681 

.64669 

.88740 

.66113 

.82773 

62 

»  .5on7 

.86471 

.61728 

.86562 

.53214 

84866 

.54683 

.83724 

.66186 

.8K67 

61 

0  1  .50X68 

•89457 

JU763 

.86667 

.63238 

!64660 

.54706 

.83706 

.66160 

.82741 

60 

1  1  .50877 

.86442 

.51778 

.86661 

.58263 

.84686 

.54732 

.88693 

.66184 

.83724 

49 

2   .50908 

.88427 

.86636 

J8288 

.84619 

.54766 

.88676 

.56206 

.82708 

48 
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.86413 

!51828 

.86621 

.63312 

.84804 

.54781 

.88660 

.66282 

.82692 

47 
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J8806 
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.63337 
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.54805 

.88645 
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.82675 
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.86884 

.61877 
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.63361 

.84673 
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.88629 

.66280 

.82669 

45 
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.88989 

.51902 

J6476 

.63386 

.84567 

.54854 

.88613 

.56806 
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J8864 

.51827 

.86461 

.63411 

.84642 

.64878 

.83597 

.66829 

.82626 

43 

8   .60468 

.88940 
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.86446 
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.84626 

.54802 

.88681 

.56853 
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.85481 
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.86968 
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t5 
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.83463 
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.84386 
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.82429 

81 

SO 

.507S4 
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Ji5991 

!88824 
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.88889 
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.51064 
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16 

48 
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17 

44 
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.84120 
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16 

45 
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.86041 

.62621 
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.54007 

.84104 

.66667 
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16 

46 
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.52646 

.86020 
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.84066 

.56661 

.88181 

.67024 

.82148 

14 

47 

.51179 

.86911 

.62671 

.86006 

.64146 

.84072 

.66606 

.88115 

.67047 

.82182 

18 

48 

.61904 

.86896 

.62896 

.84989 

.54171 

.84067 

.66680 

.83088 

.67071 

.82116 

,12 

49 

.51999 

.85881 

.69720 

.84974 

.64195 

.84041 

.66664 

.88082 

.57005 

11 

50 

.61964 

.86866 

.52746 

.84960 

.54220 

.84025 

.66678 

.83066 

.67119 

;82062 

10 

51 

.61819 

.86851 

.52770 

.81943 

JM244 

.84009 

.66702 

.88050 

.57148 

J2066 

9 

52 

.51004 

.86886 

J>2794 

.84938 

.54260 

.88994 

.55726 

.88034 

.57167   .82048 

8 

&S 

.61999 

.86621 

J>2819 

.84913 

.64298 

.88978 

.66760 

.88017 

.67191  .83032 

7 

54 

^•64 

.86806 

J&2844 

.84887 

.6ai7 

.83962 

.66775 

.88001 

.57215  1  .82015 

6 

55 

.61119 

.86792 

.62869 

.84882 

.54342 

.83946 

.66799 

.82985 

.67288  ,  .81999 

6 

56 

A\4»i 

.86777 

.52883 

.84866 

.64866 

.83980 

.66823 

.82969 

.67262  .81962 

4 

57 

.61499 

.86762 

.52918 

.84861 

.54391 

.83916 

.66647 

.82968 

.57286  .81966 

3 

68 

.51464 

.85747 

.68943 

.84836 

.64415 

.88899 

.66871 

.82086 

.67310  ,  .81949 

2 

fiO 

J»1479 

.86782 

.62967 

.84820 

.54440 

.83883 

J>68e5 

.82920 

.67334  '  .81982 

1 

io 

.61M4 

.86717. 

.62992 

.84805 

.54464 

.83867 

.66919 

.82904 

.67366  ,  .81916 

0 
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Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

.678U 

^1916 

.68779 

.80003 

.00183 

.79864 

M6W 

.78801 

.68938 

.77716  68 

.57S81 

.81899 

.66803 

.80685 

.60806 

79846 

.61689 

.78783 

4(3966 

.17600  69 

^7405 

.81882 

JH836 

.80867 

.00238 

.79629 

.61612 

!78766 

4B977 

!79678  ,  58 

^7439 

^1865 

.68849 

.80650 

.60351 

.79611 

.61686 

.78747 

.03000 

.77000 

57 

^746S 

.81848 

.68873 

.80838 

.60874 

.70798 

AU68 

.03088 

.77M1 

56 

J7477 

.81832 

.68896 

.80616 

.60296 

.79776 

smi 

.78711 

.68046 

.77618  '  56 

J>7501 

J)1815 

.68920 

.80799 

.60631 

.70758 

.61704 

.78684 

.68068 

.77006 

54 

^7624 

.81798 

.68948 

.80783 

.60344 

.79741 

.61726 

.78676 

.63000 

.77586 

58 

^7648 

.81782 

.66967 

.80766 

.60867 

.T9728 

.01749 

.78658 

.63118 

.77668 

53 

^7673 

^1765 

.68990 

.80748 

.60890 

.79706 

.01772 

.78640 

.63136 

.77560 

51 

.57606 

^1748 

.69014 

.80730 

.60414 

.79688 

JtlTOS 

.78622 

.63168 

.77681 

50 

^7619 

.81731 

.60037 

.80713 

.00437 

.70671 

.61818 

.78604 

J68180 

.77518 

40 

^7649 

.81714 

:69061 

.80096 

.00460 

.70653 

.01841 

.78686 

.68308 

.77494 

48 

^7667 

.81698 

.60084 

.80679 

J0488 

.79685 

.01864 

.78568 

J8S385 

.77476 

47 

.57i»l 

^1681 

.60108 

.80662 

.60606 

.79618 

.61887 

.78660 

.68348 

.77458 

4i 

.67716 

^1664 

.60131 

.80644 

410639 

.79600 

.01809 

.78533 

.63871 

.77490 

45 

.67788 

^1647 

.60164 

.80637 

.60663 

.79683 

J{1982 

.78514 

.63898 

.774SI 

44 

.67762 

.81681 

.60178 

.80610 

410676 

.7*565 

.01055 

.78486 

.63316 

.77408 

43 

.67786 

^1614 

.60301 

.80603 

.00609 

.79647 

MVtS 

.78478 

.68888 

.77884 

42 

^7810 
.67833 

.81697 
^1580 

.50226 

.80576 

.60622 

.79680 

.08001 

.78460 

.63861 

.77066 

41 

.50248 

.80658 

.60645 

.79612 

.63034 

.78442 

.68888 

.77847 

40 

.67867 

^1663 

.60272 

.80641 

.60668 

.79494 

.63046 

.78434 

.68406 

.77830 

89 

.67881 

^1646 

Ji0295 

.80634 

4i0691 

.70477 

U18069 

.78405 

.68438 

.77810 

88 

.57904 

.81530 

.60818 

.80607 

.00714 

.70459 

.68093 

.78887 

.68461 

.77808 

87 

.57928 

.8U13 

.60848 

J80489 

.60738 

.79441 

J8115 

.78360 

.68473 

.77873 

36 

.67952 

^1496 

.60366 

JMM78 

.60761 

.70424 

.68138 

.78351 

.68406 

.77155 

85 

.67976 

^1479 

.60380 

.80456 

.60784 

.70406 

.08160 

.78383 

.68618 

.77836 

34 

.67999 

.81462 

.60413 

.80488 

.00807 

.70388 

.68183 

.78815 

J8640 

.77118 

33 

.68023 

^1446 

.60436 

.80430 

.60880 

.79871 

.68806 

.78897 

.68668 

.77196 

32 

.58047 

.81428 

.69469 

.80403 

.60858 

.79353 

.68839 

.78379 

.68685 

.77181 

31 

.68070 

.81412 

.69483 

.80386 

.60876 

.79385 

.68351 

.78361 

.68608 

.77161 

30 

.58094 

.81395 

Ji0606 

.80368 

.60699 

.70318 

.68874 

.78343 

.68630 

.77144 

39 

.68118 

.81878 

.60639 

.80351 

.60922 

.79300 

.68897 

.78335 

.68658 

.77116 

28 

.58141 

.81361 

.69668 

.80634 

.60045 

.79383 

.68820 

.78806 

.63676 

.77107 

27 

.68165 

.81344 

.69576 

.80316 

.60966 

.79864 

.68343 

.78188 

.63608 

.77088 

26 

.58189 

.81827 

.60600 

.80399 

.60091 

.79847 

.68866 

.78170 

.68780 

.77070 

25 

.68212 

.81810 

.60623 

.80382 

.61015 

.68388 

.68743 

.no6i 

34 

,68286 

.81293 

.69646 

.80864 

.61088 

.79311 

.68411 

.78134 

.68765 

.77088 

23 

.58260 

.81276 

.60669 

.80347 

.61061 

.79198 

.68488 

.78116 

.68787 

.77614 

22 

58283 

.81259 

.69698 

.80280 

61084 

79176 

68466 

.78006 

63810 

76086 

jl 

.68307 

.81242 

.60716 

.80313 

.61107 

!79168 

!e8479 

!78079 

.63883 

!7fl077 

20 

.81325 

.60730 

.80195 

.61180 

.79140 

.68603 

.78061 

.63854 

.76960 

19 

.58854 

.81308 

.60763 

.80178 

.61168 

.79138 

.68684 

.78048 

.63877 

.76040 

18 

.58878 

.81191 

.60786 

.80160 

.61176 

.79105 

.68647 

.78086 

.63880 

.70031 

.58401 

.81174 

.69809 

.80143 

.61199 

.79067 

.68670 

.78007 

.68932 

.76003 

16 

.58426 

.81167 

.69833 

.80125 

.61223 

.79069 

.68693 

.77988 

i68944 

.76884 

15 

.68449 

.81140 

.69856 

.80108 

.61345 

.79051 

.68615 

.77970 

.68966 

.76866 

U 

.68473 

.81123 

.69879 

.80091 

.61368 

.79088 

.68638 

.77968 

.68989 

.76847 

13 

.68496 

.81106 

.69903 

.80073 

.61391 

.79016 

.68660 

.77984 

.64011 

.78838 

IS 

.58519 

.81069 

.59936 

.80056 

.61314 

.78098 

.68683 

.77916 

.64083 

.76810 

11 

.58548 

.81072 

.69949 

.80038 

.61387 

.78980 

.68706 

.77897 

.64066 

.76791 

10 

.58667 

.81055 

.69973 

.80081 

.61860 

.78962 

.77879 

.64078 

.76773 

9 

.68690 

.81088 

.69995 

.80003 

.61883 

.78944 

.63751 

.77861 

.64100 

.76754 

8 

.58614 

.81021 

.60019 

.79966 

.61406 

.78926 

.68774 

.77843 

.64183 

.76786 

7 

.58687 

.81004 

.60042 

.79968 

.61429 

.78808 

.68796 

.77884 

.64146 

.76717 

C 

.58661 

.80978 

.60065 

.79951 

.61451 

.78891 

.68819 

.nsoo 

.64167 

.76606 

5 

.58684 

.80970 

.60089 

.79984 

.61474 

.78878 

.68842 

.77788 

.64100 

.70679 

4 

.58708 

.80958 

.60113 

.79916 

.61497 

.78855 

413864 

.77700 

.04812 

.76661 

S 

.58731 

.80986 

.60185 

.79899 

.61520 

.78837 

.68887 

.77751 

.04884 

.76643 

2 

.68756 

.80919 

.60158 

.79881 

.61548 

.78819 

.77783 

A4866 

.76638 

.58779 

.80902 

.60182 

.79864 

.61566 

.78801 

!63938 

.77716 

.64879 

.76804 

0 

CMine 
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40° 

41° 
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Sine 

CoBlne 

Sine 

Ooeine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

0 

.64379 

.76604 

.66606 

.76471 

J6913 

.74814 

.68200 

.78186 

.69466 

.71984 

1 

.MSOl 

.76666 

.66628 

.76462 

JI6986 

.74296 

.68221 

.73116 

.69487 

.71914 

2 

.64SS8 

.76667 

.66660 

.76488 

.66966 

.74276 

.68242 

.78066 

.69608 

.71894 

3 

.64346 

.76648 

.66672 

.76414 

.66978 

.74266 

.68264 

.78076 

.69529 

.71878 

4 

.64368 

.76680 

.66694 

.75896 

.66899 

.74287 

.68285 

.78066 

.69549 

.71858 

5 

.64209 

.76611 

.66716 

.76875 

.67021 

.74817 

.68806 

.78086 

.69670 

.71838 

6 

.64412 

.76482 

.65738 

.75866 

.67048 

.74198 

.68827 

.78016 

.69691 

.71813 

7 

.644S5 

.76478 

.65759 

.76837 

.67064 

.74178 

.68848 

.72996 

.69612 

.71792 

8 

.64457 

.76455 

.65781 

.75818 

.67086 

.74169 

.68870 

.72976 

.69683 

.71772 

9 

.64479 

.76486 

65803 

.75299 

.67107 

.74189 

.68391 

.72967 

.69664 

.71762 

10 

.64501 

.76417 

!65825 

.75280 

.67129 

.74120 

.68412 

.72987 

.69675 

.71732 

11 

.64534 

.76896 

.65847 

.76261 

.67161 

.74100 

.68484 

.72917 

.69686 

.71711 

12 

UM646 

.76880 

.66869 

.76241 

.67172 

.74080 

.68466 

.72897 

.69717 

.71691 

IS 

.64668 

,76861 

.65891 

.76222 

.67194 

.74061 

.68476 

.72877 

.69787 

.71671 

14 

IS 

J64590 

76842 

.66918 
.66985 

.76208 
.75184 
.75165 

.67215 
.67287 

.67268 

.74041 
.74022 
.74002 

.68497 
.68618 
.68589 

.72867 
.72887 
.72817 

.69768 
.69779 

.71660 
.71680 
.71610 

.64612 
.64685 

;76823 
.76304 

16 

.65966 

17 

.64667 

.76286 

.65978 

.76146 

.67280 

.73863 

.68561 

.72797 

!69881 

.71690 

18 

.64679 

.76267 

.66000 

.76126 

.67801 

.78963 

.68582 

.72777 

.69842 

.71669 

19 

.64701 

.76248 

.66022 

.76107 

.67338 

.78944 

.68608 

.72767 

.69662 

.71649 

20 

.64723 

.76229 

.66044 

.76068 

.67344 

.78924 

.68624 

.72737 

.68888 

.71529 

21 

J64746 

.76210 

.66066 

.76060 

.67866 

.73804 

.68646 

.72717 

.68904 

.71506 

22 

J64768 

.76192 

.66068 

.76050 

.67887 

.78886 

.68666 

.72697 

.69926 

.71488 

2S 

.64190 

.76173 

.66109 

.76080 

.67409 

.78865 

.68688 

.79677 

.60946 

.71468 

24 

.64813 

.76154 

.66181 

.75011 

.67480 

.78846 

.68709 

.72667 

.71447 

25 

.64884 

.76186 

.66168 

.74992 

.67462 

.78826 

.68780 

.72687 

[69987 

.71427 

26 

.64856 

.76116 

.66176 

.74973 

.67478 

.78806 

.68761 

.72617 

.70006 

.71407 

27 

.64878 

.76097 

.66197 

.74953 

.67495 

.73787 

.68772 

.72697 

.70029 

.71886 

28 

.64901 

.76078 

.66218 

.74984 

.67516 

.73767 

.68798 

.72577 

.70049 

.71866 

29 

.64923 

.76059 

.66240 

.74916 

.67588 

.73747 

.68814 

.72667 

.70070 

.71846 

SO 

.64945 

.76041 

.74896 

.67559 

.78728 

.68885 

.72637 

.70091 

.71835 

SI 

.64867 

.76083 

.66284 

.74876 

.67580 

.78708 

.68857 

.72617 

.70112 

.71805 

S2 

.64889 

.76003 

.66806 

.74867 

.67602 

.78688 

.68878 

.72497 

.70183 

.71284 

33 

.66011 

.76984 

.66827 

.74888 

.67628 

.78669 

.68899 

.72477 

.70168 

.71264 

34 

.66033 

.75965 

.66349 

.74818 

.67645 

.78640 

.68920 

.72467 

.70174 

.71248 

35 

.66055 

.76946 

.66371 

.74799 

.67666 

.78629 

.68941 

.72487 

.70196 

.71223 

36 

416077 

.76927 

.66398 

.74780 

.67688 

.78610 

.68962 

.72417 

.70215 

.71208 

37 

.65100 

.75908 

.66414 

.74760 

.67709 

.73590 

.68983 

.72897 

.70286 

.71182 

38 

J6&12i 

.75889 

.66486 

.74741 

.67780 

.73570 

.69004 

.72877 

.70257 

.71162 

39 

.66144 

.75870 

.66468 

.74722 

.67752 

.78661 

.69026 

.72367 

.70277 

.71141 

40 

MIM 

.75851 

.66480 

.74708 

.67773 

.73631 

.72837 

.70298 

.71121 

41 

.65188 

.75832 

.66601 

.74888 

.67795 

.78611 

.69067 

.72317 

.70819 

.71100 

42 

.65210 

.76818 

.66523 

.74664 

.67816 

.73401 

.69088 

.72297 

.70889 

.71080 

43 

.65232 

.75794 

.66545 

.74644 

.67837 

.73472 

.68109 

.72277 

.70860 

.71069 

44 

.65254 

.75775 

.66666 

.74626 

.67859 

.73462 

.69180 

.72257 

.70881 

.71089 

45 

.66276 

.75766 

.66688 

.74606 

.67880 

.73482 

.69161 

.72286 

.70401 

.71019 

46 

.66296 

.76738 

.66610 

.74586 

.67901 

.73418 

.69172 

.72216 

.70422 

.70998 

47 

.66820 

.76719 

.66632 

.74567 

.67923 

.78893 

.69193 

.72196 

.7(J443 

.70978 

48 

.66842 

.76700 

.66653 

.74648 

.67944 

.73373 

.69214 

.72176 

.70463 

.70967 

49 

.66964 

.76680 

.66676 

.74528 

.67966 

.78363 

.69285 

.72156 

.70484 

.70937 

50 

.65886 

.75661 

.66697 

.74609 

.67987 

.78383 

.68266 

.72136 

.70506 

.70916 

51 

.66408 

.76643 

.66718 

.74489 

.68008 

.73314 

.69277 

.72116 

.70526 

.70896 

62 

.65480 

.75688 

.66740 

.74470 

.68029 

.73294 

.69298 

.72095 

.70646 

.70876 

53 

.66462 

.76604 

.66762 

.74461 

.68061 

.78874 

.69819 

.72075 

.70667 

.70866 

54 

.66474 

.76686 

.66788 

.74481 

.68072 

.78264 

.69340 

.72066 

.70587 

.70884 

65 

.65496 

.76666 

.66806 

.74412 

.68003 

.73284 

.69861 

.72036 

.70608 

.70813 

66 

.66518 

.78647 

.66827 

.74892 

.68115 

.73215 

.69862 

.72016 

.70628 

.70793 

67 

.66640 

.75628 

.66848 

.74373 

.68186 

.78195 

.69408 

.71995 

.70649 

.70772 

58 

.66662 

.76609 

.66870 

.74363 

.68157 

.78175 

.69424 

.71974 

.70670 

.70752 

69 

.66684 

.75490 

.66891 

.74384 

.68179 

.73155 

.69446 

.71954 

.70690 

.70731 

«0 

.65606 

.75471 

.66913 

.74314 

.68200 

.73135 

.69466 

.71984 

.70711 

.70711 
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.06841 
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.81813 

1.08614 

.94666 

1.06747 

.97937 

1.02117     36 

.86167 

1.17430 

.88814 

1.13861 

.91866 

1.08460 

.94680 

1.06685 

.97964 

1.08067     86 

.86807 

1.17861 

38866 

1.18295 

.91419 

1.00886 

.94676 

1.06684 

.98041 

1.01896     34 

.85857 

1.17292 

.88817 

1.18228 

.91478 

1.08838 

.94781 

1.06668 

.98088 

1.01880     33 

.85306 

1.17228 

.88868 

1.18162 

.91686 

1.08868 

.94786 

1.06601 

J6166 

1.01878     38 

.85858 

1.17164 

.88431 

1.18096 

.91680 

1.00196 

.94841 

1.06489 

.96318 

1.01820     31 

.85406 

1.17086 

.88478 

1.18089 

.91688 

1.09181 

.94886 

1.06878 

.98870 

1.01761     30 

.86468 

1.17016 

.88584 

1.18968 

.91687 

1.09067 

.94863 

1.06817 

.96887 

1.01708     89 

.86600 

1.1694T 

.88676 

1.18887 

.91740 

1.08006 

J6007 

1.06866 

1.01643     88 

86669 

1.18878 

.88628 

1.18881 

.91794 

1.08840 

.96068 

1.05194 

!98441 

1.01688     87 

!86609 

1.16808 

.88680 

1.18766 

.91847 

1.08876 

J6118 

1.06188 

1.01624     36 

.85660 

1.16741 

1.18688 

.91901 

1.08818 

.96178 

1.06073 

!98666 

1.01466     25 

.85710 

1.16678 

.88784 

1.18688 

.91966 

1.06749 

.96889 

1.06010 

.96618 

1.01406     24 

.86761 
.86811 
.86862 

1.16606 
1.16686 
1.16466 

.88886 

1.12667 
1.12601 
1.12486 

.92006 

.98068 
J»116 

1.06686 
1.06622 
1.06669 

.96884 
.96840 
.95896 

1.04849 
1.04888 
1.04827 

.96671 

1.01347     23 
1.01288     82 
1.01S29     21 

•!88940 

.96738 
.98766 

.86818 

1.16888 

.88898 

1.13368 

.98170 

1.06496 

.96461 

1.04766 

.888a 

1.61170     80 

.86968 

1.16888 

.89045 

1.18803 

.98384 

1.06488 

.96606 

1.04706 

.96881 

1.01112     19 

.86014 

1.16361 

.89097 

1.18888 

.98877 

1.06869 

.95668 

1.04644 

.88868 

1.01068     18 

.86064 

1.16198 

.89149 

1.12178 

.98881 

1.06806 

.96618 

1.04688 

.98016 

1.00094     17 

.86116 

1.16124 

.89201 

1.18106 

.88886 

1.08248 

.06678 

1.04682 

.89078 

1.00916     16 

.86166 

1.16056 

.89258 

1.18041 

.82489 

1.06179 

.96729 

1.04461 

.99181 

1.00876     15 

.86216 

1.16987 

.89806 

1.11876 

.98488 

1.08116 

.96786 

1.04401 

.99189 

1.00818     14 

.86267 

1.16919 

1.11909 

.98647 

1.08068 

.96841 

1.04840 

.08847 

1.00769     13 

.86318 

1.15851 

!88410 

1.11844 

.98601 

1.07980 

.96897 

1.04879 

.98804 

1.00701     12 

.86368 

1.15788 

.88468 

K11778 

.92666 

1.07987 

.95968 

1.04818 

.99868 

1.00643     11 

.86419 

1.16716 

.88616 

1.11718 

.93709 

1.07864 

.96008 

1.04168 

.99480 

1.00683     10 

.86470 

1.16647 

.89667 

1.11648 

.98763 

1.07801 

.96064 

1.04087 

.99478 

1.00636      9 

.86521 

1.16679 

.88680 

1.11582 

.98817 

1.07788 

.96180 

1.04QS6 

.99686 

1.00467      8 

.86672 

1.15611 

.89678 

1.11517 

.98878 

1.07676 

.96176 

1.01876 

1.00408      7 

.88628 

1.16448 

.89726 

1.11452 

.92926 

1.07618 

.96888 

1.08816 

!fl666S 

1.00860      6 

.86674 

1.16376 

.89777 

1.11887 

.92960 

1.07660 

.96888 

1.06866 

.69710 

1.00191      6 

.86725 

1.15308 

.89830 

1.11321 

.98084 

1.07487 

.96844 

1.08794 

1.00138      4 

.86776 

1.16240 

.88883 

1.11266 

.98068 

1.07486 

96400 

1.06784 

!998S6 

1.00175      3 

.86827 

1.16172 

.88986 

1.11191 

.98148 

1.07883 

.96467 

1.08674 

.99884 

1.00110     3 

.86878 

1.16104 

89988 

1.11126 

.98197 

1.07299 

.96618 

1.08613 

.98848 

1.00068      1 

.86929 

1.16087 

!9004O 

1.11061 

.98262 

1.07887 

.96669 

1.06668 

1.00000 

LOOMO     6 

f 

Cotug 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

TMf 

/ 

4V> 

480 

470 

460 

480 
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LOGARITHMIC  TABLES. 

For  detailed  diiectioiis  as  to  the  use  of  logarithms  see  page  22. 

To  Find  the  Logtrithmlo  Sine,  Cosine,  Ttngent,  or  Cottngent  ef  tn  Angle  From 
9^  to  45^.— In  the  table  Logarithms  of  Trigonometric  Functions,  And  the 
number  of  degrees  at  the  top  of  the  page,  and  the  number  of  minutes  in 
the  left-hand  column  headed  (Oi  opposite  the  latter,  and  under  the  proper 
head,  find  the  desired  logaritlunio  sine,  cosine,  tangent,  or  cotansent. 

To  Find  the  Logtrithmlo  Sine,  Cosine,  Tongont,  or  Cottngent  of  tn  logfe  From 
45^  to  90^.— In  the  table  Logarithms  of  Trigonometric  Functions,  find 
the  number  of  decrees  at  the  bottom  of  the  page,  and  the  number  of  minutes 
in  the  rigrht-hana  column  headed  (');  opposite  the  latter,  and  above  the 
proper  head,  find  the  desired  logarithmic  sine,  cosine,  tangent,  or  cotangent. 

To  Find  the  Logsritlimto  Finotions  for  tn  Angle  Conttining  Degrees,  Minates,  end 
Seoonds. — ^Find  the  logarithm  for  the  degrees  and  minutes  in  the  manner  given 
above,  then  A:om  the  column  headed  "  d."  take  the  number  next  below  the 
logarithm  thus  found;  under  the  heading  "P.  P.,"  find  a  column  headed  by 
this  number,  and  find  in  this  column  the  number  opposite  the  given  number 
of  seoonds;  add  it  to  the  logarithm  already  found  for  the  degrees  and  min- 
utes. If  the  exact  number  of  seconds  is  not  given  under  **  P.  P.,"  the 
proper  values  may  be  found  by  interpolating  between  the  values  given. 
Since  the  differences  in  the  column  headed  **d."  represent  difi'ereuoes  cor- 
responding to  60  minutes,  the  amount  to  be  added  after  the  logarithm  of  the 
degrees  and  minutes  has  been  found  may  be  obtained  by  multiplying  the 
dinerence  by  the  number  of  seconds,  and  dividing  the  result  by  60. 

The  columns  headed  "Cpl.  8."  and  *'  Cpl.  T."  on  pages492-494  can  be  used  to 
find  logarithms  of  angles  including  seconds  less  than  2P  and  greater  than  86^. 
Reduce  the  degrees,  minutes,  and  seconds  to  seconds,  and  use  the  following 
formulas,  substituting  for  Cpl.  8.  and  Cpl.  T.  the  values  given  in  the  table,  and 
for  S.  and  T.,  the  difference  between  10  and  Cpl.  8.  and  Cpl.  T.  as  given. 

f\ir  angles  less  than  IP,  log  sin  a  =  log  a"  -f  8.;  log  tang  a  »  log  a" 
-+-  T.;  log  COtg  a  =  Cpl.  log  a"  +  Cpl.  T.  =  Cpl.  log  tang  a;  log  a"  —  log 
sin  a  +  Cpl.  8.  =  log  tang  « -f  Cpl.  T.  =  Cpl.  log  cotg  «  +  Cpl.  T. 

For  angles  greater  than  86^,  log  cos  a  =  log  (90°  — a)"  +  8.;  log  cotg  a 
=  log  (90O-a)"  +T.;  log  tang«  =  Cpl.  log  {^P-aYf  -h  Cpl.  T.  ==  Cpl.  loar 
cotg  a;  log  (90°  —  a)"  =  log  COB  a  -f  Cpl.  8.  =  log  COtg  a  -f-  Cpl.  T.  =»  Cpl. 
log  taxig  a  +  Cpl.  T.  


COMMON    LOGARITHMS 

OF 

NUMBERS. 

No. 

Log. 

No. 

Lor. 

No. 

I^. 

No. 

Log. 

No. 

Log. 

0 

1 

—  00 

20 

21 

80  103 

40 

41 

60  206 

60 

61 

77  815 

80 

81 

90  309 

00  000 

32  222 

61  278 

78  533 

90  849 

2 

90  103 

22 

34  242 

42 

62  325 

62 

79  239 

82 

91  381 

3 

47  712 

23 

36  173 

43 

63  347 

63 

79  934 

83 

91  908 

4 

60  206 

24 

88  021 

44 

64  345 

64 

80  618 

84 

92  428 

5 

69  897 

25 

39  794 

45 

65  321 

65 

81291 

85 

92  942 

6 

77  815 

26 

41  497 

46 

66  276 

66 

'€1^ 

86 

93  460 

7 

84  510 

27 

43  136 

47 

67  210 

67 

87 

93  952 

8 

90  809 

28 

44  716 

48 

68  124 

68 

83  251 

88 

94  448 

9 
10 
11 

95  424 

29 

30 

31 

46  240 

49 

50 

61 

69  020 

69 

70 

71 

83  885 

89 
90 

91 

94  939 

00  000 

47  712 

69  897 

»4  510 

95  424 

04  189 

49  136 

70  757 

85  126 

95  904 

12 

07  918 

32 

50  515 

62 

71  600 

72 

85  733 

92 

96  379 

13 

11394 

33 

61861 

63 

72  428 

73 

86  332 

93 

96  848 

14 

14  613 

34 

68  148 

54 

73  239 

74 

86  923 

94 

97  313 

15 

17  609 

35 

64  407 

55 

74  036 

75 

87  506 

95 

97  772 

16 

20  412 

36 

66  680 

56 

74  819 

76 

88  061 

96 

98  227 

17 

23  045 

37 

66  820 

57 

75  587 

77 

88  649 

97 

98  6T7 

18 

25  527 

38 

57  978 

58 

76  343 

78 

89  209 

98 

99  123 

27  875 

39 
40 

59  106 

59 
60 

77  085 

79 

80 

89  763 

99 

100 

99  664 

30  103 

60  206 

77  816 

90  309 

00  000 
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N. 

L.0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

p.p. 

too 

101 

00  000 

043 

087 

180 

173 

217 

260 

303 

346 

389 

432 

475 

518 

561 

004 

647 

689 

732 

775 

817 

44 

43 

42 

102 

860 

908 

945 

988 

*030 

♦072 

*115 

*157 

•199 

•242 

4.4 

8.8 

4.8 

8.6 

103 

01  284 

326 

368 

410 

452 

494 

536 

578 

620 

662 

4.3 

8.4 

104 

703 

745 

787 

828 

870 

912 

953 

995 

•036 

•078 

19.1 

12*9 

y2A 

105 

02  119 

160 

202 

243 

284 

325 

366 

407 

449 

490 

17.6 

17.2 

16.8 

106 

531 

572 

612 

653 

694 

735 

776 

816 

857 

898 

22.0 

21.5 

21.0 

107 

938 

979 

♦019 

♦060 

*100 

*141 

*181 

♦222 

•262 

•302 

26.4 
30.8 
35.3 

25.8 
80.1 
84.4 

25.2 
29.4 
33.6 

108 

03  342 

383 

423 

463 

503 

543 

583 

623 

663 

703 

109 
110 

111 

743 

782 

822 

862 

902 

941 

981 

♦021 

•060 

♦100 

3».6 

88.T 

37-8 

04  139 

179 

218 

258 

297 

336 

376 

415 

454 

493 

1 

532 

571 

610 

650 

689 

727 

766 

805 

844 

883 

41 

40 

39 

112 

922 

961 

999 

♦038 

*077 

*115 

*154 

♦192 

•231 

•269 

113 

05  308 

346 

385 

423 

461 

500 

538 

576 

614 

662 

4.1 

8  3 

4.0 

8  0 

3.9 

7.8 

114 

690 

729 

767 

805 

843 

881 

918 

956 

994 

♦032 

12  !s 

12.0 

\i.i 

115 

06  070 

108 

145 

183 

221 

258 

296 

383 

371 

408 

16.4 

16.0 

15.6 

116 

446 

483 

521 

558 

595 

633 

670 

707 

744 

781 

20.5 

20.0 

19.5 

117 

819 

856 

893 

930 

967 

♦004 

*041 

•078 

•116 

•161 

24.6 
28.7 
32.8 

24.0 
28.0 
82.0 

23.4 
27.3 
31.2 

118 

07  188 

225 

262 

298 

335 

372 

408 

445 

482 

518 

119 
120 

121 

555 

591 

628 

664 

700 

737 

773 

809 

846 

882 

86.9 

86.0 

35.1 

918 

954 

990 

*027 

♦063 

♦099 

*135 

*171 

•207 

•243 

1 

08  279 

314 

350 

386 

422 

458 

493 

529 

565 

600 

38 

37 

38 

12? 

636 

672 

707 

743 

778 

814 

849 

884 

920 

956 

3.8 
7.6 

3.7 
7.4 

3.6 

7.2 

123 

991 

♦026 

*061 

*096 

*132 

*167 

*202 

•237 

•272 

•307 

124 

09  342 

377 

412 

447 

482 

617 

552 

587 

621 

656 

11.4 

11.1 

10.8 

125 

691 

726 

760 

795 

830 

864 

899 

934 

968 

•003 

15.2 

14.8 

14.4 

126 

10  037 

072 

106 

140 

175 

209 

243 

278 

312 

346 

19.0 

18.5 

18.0 

127 

380 

415 

449 

483 

517 

551 

585 

619 

653 

687 

32.8 
26.6 
S0.4 

22.3 
25.9 
296 

21.6 
25.2 

28.8 

128 

721 

755 

789 

823 

857 

890 

.924 

958 

992 

♦025 

129 

130 

131 

11  059 

093 

126 

160 

193 

227 

261 

294 

327 

361 

84.3 

83.8 

32.4 

394 

428 

461 

494 

528 

561 

594 

628 

661 

694 

1 

727 

760 

793 

826 

860 

893 

926 

959 

992 

♦024 

35 

34 

33 

132 

12  057 

090 

123 

156 

189 

222 

254 

287 

320 

352 

3.5 
7.0 

8.4 
6.8 

3.3 
6.6 

133 

385 

418 

450 

483 

516 

548 

581 

613 

646 

678 

134 

710 

743 

775 

808 

840 

872 

905 

937 

969 

•001 

10.6 

10.2 

9.9 

135 

13  033 

066 

098 

130 

162 

194 

226 

258 

290 

322 

14.0 

18.6 

13.2 

136 

354 

386 

418 

450 

481 

513 

545 

577 

609 

640 

17.5 

17.0 

16.5 

137 

672 

704 

735 

767 

799 

830 

862 

893 

925 

956 

21.0 
24.5 

28.0 

30.4 
28.8 
27J 

19.8 
23.1 
26.4 

138 

988 

*019 

♦051 

♦082 

♦114 

*145 

*176 

•208 

•239 

•270 

139 

140 

141 

14  301 

333 

364 

395 

426 

457 

489 

520 

551 

682 

31.5 

80.6 

29.7 

613 

644 

675 

706 

737 

768 

799 

829 

860 

891 

1 

922 

953 

983 

*014 

♦045 

*076 

♦106 

•137 

•168 

•198 

32 

31 

30 

142 

15  229 

259 

290 

320 

351 

381 

412 

442 

473 

503 

8.2 
6  4 

8.1 
6  2 

3.0 
60 

143 

534 

564 

594 

625 

655 

685 

715 

746 

776 

806 

144 

836 

866 

897 

927 

957 

987 

•017 

♦047 

•077 

•107 

9.6 

9.3 

9.0 

145 

16  137 

167 

197 

227 

256 

286 

316 

346 

376 

406 

12.8 

12.4 

12.0 

146 

435 

465 

495 

524 

554 

584 

613 

643 

673 

702 

16.0 

15.5 

15.0 

147 

732 

761 

791 

820 

850 

879 

909 

938 

967 

997 

19.2 
22.4 
25.6 

18.6 
21.7 
24.8 

18.0 
21.0 
24.0 

148 

17  026 

056 

085 

114 

143 

173 

202 

231 

260 

289 

149 
150 

319 

348 

377 

406 

435 

464 

493 

522 

561 

580 

28.8 

VIA 

27.0 

609 

-638 

667 

696 

725 

754 

782 

811 

840 

869 

N. 

L.0 

1 

2 

3 

4 

5 

6 

7 

aitiz 

8 

3d  bv  V: 

9 

P.P. 

le 
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N. 

I..0 

1 

2 

3 

4 

725 

5 

754 

6 

7 

8 

9 

P.P. 

150 

17  609 

638 

667 

696 

782 

811 

840 

869 

151 

898 

926 

955 

984 

•013 

•041 

•070 

•099 

•127 

•156 

29 

28 

152 

18  184 

213 

241 

270 

298 

327 

355 

384 

412 

441 

153 

469 

498 

526 

554 

583 

611 

639 

667 

696 

724 

2.9 

5  8 

2.8 
5.6 

154 

752 

780 

808 

837 

865 

893 

921 

949 

977 

•005 

8.7 

8!4 

155 

19  083 

061 

089 

117 

145 

173 

201 

229 

257 

285 

11.6 

11.2 

156 

312 

340 

368 

396 

424 

451 

479 

507 

535 

562 

U.5 

14.0 

157 

590 

618 

645 

673 

700 

728 

756 

783 

811 

838 

8 

17.4 
20.3 
23.2 

16.8 
19.6 
22.4 

158 

866 

893 

921 

918 

976 

•003 

♦030 

•058 

•085 

•112 

159 

20  140 

167 

194 

222 

J249^ 
520 

276 

308 

330 
602 

358 

385 

9 

26.1 

25.2 

160 

412 

439 

466 

493 

548 

575^ 
844 

629 

656 
925 

161 

683 

710 

737 

763 

790 

817 

871 

898 

27 

26 

162 

962 

978 

•006 

♦032 

•059 

•085 

•112 

•139 

•165 

•192 

2.7 

2.6 
5  2 

163 

21  219 

245 

272 

299 

325 

352 

378 

405 

431 

458 

164 

484 

511 

537 

564 

590 

617 

643 

669 

696 

722 

9*1 

7^8 

165 

748 

T75 

801 

827 

854 

880 

906 

932 

958 

985 

10.8 

10.4 

166 

22  011 

037 

063 

089 

115 

141 

167 

194 

220 
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058 

063 

067 

072 

0T7 

4 

l.< 

, 

081 

086 

090 

095 

100 

104 

109 

114 

118 

123 

2.0 

128 

132 

137 

142 

146 

151 

155 

160 

166 

169 

8 

2.8 
3.2 

174 

179 

183 

188 

192 

197 

202 

206 

211 

216 

220 

225 

230 

234 

239 

243 

248 

253 

257 

262 

« 

S.B 

267 

271 

J76 
322 

368 

280^ 
327^ 
373 

285^ 
331 

290 

294 

299 

304 
350 

308 

313 

317 

336 

340 

345 

354 

359'  364 

377 

382 

387 

391 

396 

400 

4051  410 

414 

419 

424 

428 

433 

437 

442 

447 

451  456 

460 

465 

470 

474 

479 

483 

488 

493 

497 

502 

506 

511 

.516 

520 

525 

629 

634 

639 

543 

548 

.552 

5.57 

562 

566 

571 

575 

680 

585 

589 

594 

598 

603 

607 

612 

617 

621 

626 

630 

635 

640 

f>44 

649 

6,53 

658 

663 

667 

672 

676 

681 

68,5 

690 

695 

699 

704 

708 

713 

717 

722 

727 

731 

736 

740 

745 

749 

754 

769 

763 

768 

772 

777 

782 

786 

791 

795 

800 

804 

809 

813 

L.0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

P.P. 
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N. 

L.0 

1 

2 

3 

786 

4 

791 

5 

6 

7 

8 

809 
855 

9 

P.P. 

950 

97  772 

777 

782 

795 

800 

804 

813 
859 

951 

818 

823 

827 

832 

836 

841 

845 

850 

952 

864 

868 

873 

877 

882 

886 

891 

896 

900 

905 

953 

909 

914 

918 

923 

928 

932 

937 

941 

946 

950 

954 

955 

959 

964 

968 

973 

978 

982 

987 

991 

996 

955 

98  000 

005 

009 

014 

019 

023 

028 

a32 

037 

041 

956 

046 

050 

055 

059 

064 

068 

073 

078 

082 

087 

957 

091 

096 

100 

105 

109 

114 

118 

123 

127 

132 

958 

137 

141 

146 

150 

155 

159 

164 

168 

173 

177 

959 

182 

186 

191 

195 

200 

204 

209 

214 

218 

223 
268 
313 

960 

227 

232 

236 

241 

245 

250 

254 

259 
304 

J263 

308 

5 

1 

961 

272 

2T7 

281 

286 

290 

295 

299 

962 

318 

322 

327 

331 

336 

340 

345 

349 

364 

358 

0.5 

963 

363 

367 

372 

376 

381 

385 

390 

394 

399 

403 

1  5 

964 

408 

412 

417 

421 

426 

480 

435 

439 

444 

448 

2.0 

965 

453 

457 

462 

466 

471 

475 

480 

484 

489 

493 

2.6 

966 

498 

502 

507 

511 

516 

520 

525 

529 

634 

538 

S.O 

967 

543 

547 

652 

556 

561 

565 

570 

674 

679 

683 

S.5 

968 

588 

692 

597 

601 

605 

610 

614 

619 

623 

628 

A  K 

969 

632 

687 

641 

646 

650 

655 

659 

664 

668 

673 

"" 

970 

6T7 

682 

686 

691 

695 

700 

704 

709 

713 

758 

717 
762 

971 

722 

726 

731 

735 

740 

744 

749 

753 

972 

767 

771 

776 

780 

784 

789 

793 

798 

802 

807 

973 

811 

816 

820 

825 

829 

834 

838 

843 

847 

851 

974 

856 

860 

865 

869 

874 

878 

883 

887 

892 

896 

975 

900 

905 

909 

914 

918 

923 

927 

932 

936 

941 

976 

945 

949 

954 

958 

963 

967 

972 

976 

981 

986 

977 

989 

994 

998 

♦003 

*007 

♦012 

*016 

♦021 

♦025 

♦029 

978 

99  034 

038 

043 

047 

052 

056 

061 

065 

069 

074 

979 

078 

083 

087 
131 

092 
136^ 
180 

096 

_140^ 

185 

100 
145 
189 

105 
149 

109 

114 

158 

118 

980 

123 

127 

154 

162 
207 

•    4 

981 

167 

171 

176 

193 

198 

202 

0.4 

982 

211 

216 

220 

224 

229 

23;^ 

238 

242 

247 

261 

0.8 

983 

255 

260 

264 

269 

273 

277 

282 

286 

291 

295 

1.2 

984 

300 

304 

308 

313 

317 

322 

326 

330 

335 

339 

1.6 

985 

844 

348 

352 

357 

361 

366 

370 

374 

379 

383 

2.0 
2.4 

2  8 

986 

388 

392 

396 

401 

405 

410 

414 

419 

423 

427 

987 

432 

436 

441 

445 

449 

464 

458 

463 

467 

471 

8 

8.2 

988 

476 

480 

484 

489 

493 

498 

502 

506 

511 

615 

9 

8.6 

989 

620 

524 

528 

533 

^7_ 

581 

542 

546 

590 

550 
594 
638 

599 

559 
603 
647 

990 

564 

568 

572 

577 

585 
629 

991 

607 

612 

616 

621 

625 

634 

642 

992 

651 

656 

660 

664 

669 

673 

6T7 

682 

686 

691 

993 

695 

699 

704 

708 

712 

717 

721 

726 

730 

734 

994 

739 

743 

747 

752 

756 

760 

765 

769 

774 

778 

995 

782 

787 

791 

795 

800 

804 

808 

813 

817 

822 

996 

826 

830 

835 

839 

843 

848 

852 

866 

861 

865 

997 

870 

874 

878 

883 

887 

891 

896 

900 

904 

909 

998 

913 

917 

922 

926 

930 

935 

939 

944 

948 

952 

999 

957 

961 

965 

970 

974 

978 

983 

987 
030 

991 

996 

1000 

00  000 

004 

009 

013 

017 

022 

026 

035 

039 

N. 

1 

L.0 

1 

.2 

3 

4 

5 

6 

7 

8 

zed  bv  V 

9 

Zoo 
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L.  Sin. 

d. 

Cpl.^ 

Cpl.T. 

L.Tang. 

d.c. 

L.Cotg. 

L.COB. 

o 

0 







0.00000 

60 

6C 

1 

6.46373 

5.31443 

5.31443 

6.46373 

3.53627 

0.00000 

59  i 

120 

2 

6.76476 

30103 

5.31443 

5.31443 

6.76476 

30103 

3.23524 

0.00000 

58 

18C 

3 

6.94065 

17609 

5.81443 

5.31443 

6.94085 

17609 

3.05915 

0.00000 

57 

240 

4 

7.06579 

12494 
9691 

5.31448 

5.31442 

7.06679 

12494 
9691 

2.93421 

0.00000 

56 

:m 

5 

7.16270 

5.31448 

6.81442 

7.16270 

2.83730 

o.ooooo 

55 

360 

6 

7.24188 

7918 

5.31443 

5.31442 

7.24188 

7918 

2.75812 

o.ooooo 

54 

420 

7 

7.30882 

6694 

6.31443 

5.31442 

7.30882 

6694 

2.69118 

o.ooooo 

53 

480 

8 

7.36682 

5800 

6.31443 

6.31442 

7.36682 

5800 

2.63818 

o.ooooo 

52 

540 

9 

7.41797 

5115 
4576 

5.31443 

5.31442 

7.41797 

6115 
4576 

2.58203 

o.ooooo 

51 

600 

10 

7.46378 

5.31443 

6.31442 

7.46873 

2.53627 

O.00000 

50 

660 

11 

7.50512 

4139 

5.31443 

5.31442 

7.50512 

4139 

2.49488 

0.00000 

49 

720 

la 

7.54291 

3779 

5.31443 

5.31442 

7.54291 

3779 

2.45709 

0.00000 

48 

780 

13 

7.57767 

3476 

5.31443 

6.31442 

7.57767 

8476 

2.42233 

o.ooooo 

47 

840 

14 

7.60985 

3218 
2997 

5.31443 

6.31442 

7.60986 

3219 
2996 

2.39014 

0.00000 

46 

900 

li) 

7.63982 

5.31443 

6.31442 

7.63982 

2.:J6018 

0.00000 

45 

96Q 

16 

7.66784 

2802 

5.31443 

5.31442 

7.66785 

2803 

2.33215 

aooooo 

44 

1O20 

17 

7.69417 

2633 

5.31443 

5.31442 

7.69418 

2633 

2.30582 

9.99999 

^-^ 

108C 

18 

7.71900 

2483 

5.31443 

5.31442 

7.71900 

2482 

2.28100 

9.99999 

42 

1140 

19 

7.74248 

2348 
2227 

5.31443 

5.31442 

7.74248 

2348 
2228 

2.25752 

9.99999 

41 

1200 

20 

7.76475 

5.31443 

6.31442 

7.76476 

2.23524 

9.99999 

40 

126fl 

21 

7.78594 

2119 

5.31443 

5.31442 

7.78595 

2119 

2.21405 

9.99999 

39 

1320 

22 

7.80615 

2021 

5.31443 

6.31442 

7.80615 

2020 

2.19885 

9.99999 

38 

1380 

23 

7.82545 

1930 

5.31443 

6.31442 

7.82546 

1931 

2.17454 

9.99999 

37 

1440 
1500 

24 

7.84393 

1848 
1773 

5.31443 
5.31443 

5.31442 

7.84394 

1848 
1773 

2.15606 

9.99999 

36 
So 

25 

7.86166 

5.31442 

7.86167 

2.13838 

9.99999 

1560 

26 

7.87870 

1704 

5.31443 

5.31442 

7.87871 

1704 

2.12129 

9.99999 

34 

1620 

27 

7.89509 

1639 

5.31443 

5.31442 

7.89510 

1639 

2.10490 

9.99999 

33 

1680 

28 

7.91088 

1579 

5.31448 

6.31442 

7.91089 

1579 

2.06011 

9.99999 

32 

1740 

29 

7.92612 

1524 
1472 

6.31443 

5.31441 

7.92«13 

1524 
1473 

2.07387 

9.99996 

31 

1800 

30 

7.94084 

5.31448 

5.31441 

7.94066 

2.05914 

999996 

SO 

1860 

31 

7.95508 

1424 

5.31443 

5.31441 

7.95510 

1424 

2.04490 

9.99998 

29 

1920 

32 

7.96887 

1379 

6.31443 

6.31441 

7.96889 

1379 

2.03111 

9.99996 

28 

1980 

33 

7.98223 

1336 

6.31443 

6.31441 

7.98225 

1836 

2.01775 

9.99996 

27 

2040 

34 

7.99520 

1297 
1259 

5.31443 

6.31441 

7.99522 

1297 
1259 

2.00478 

9.99996 

26 

2100 

35 

8.(X)779 

5.31443 

5.31441 

8.00781 

1.99219 

9.99996 

25 

2160 

36 

8.02002 

1223 

6.31443 

5.31441 

8.02004 

1228 

1.97996 

9.99996 

24 

2220 

37 

8.03192 

1190 

6.31443 

5.31441 

8.03194 

1190 

1.96806 

9.99997 

23 

2280 

38 

8.04350 

1158 

6.31443 

5.31441 

8.04353 

1159 

1.95647 

9.99997 

22 

2340 

39 

8.05478 

1128 
1100 

5.31443 

5.31441 

8.05481 

1128 
1100 
1072 

1.94519 

9.99997 

21 

2400 

40 

8.06578 

5.31443 

5.31441 

8.06.^1 

1.93419 

9.99997 

20 

2460 

41 

8.07650 

1072 

5.31444 

5.31440 

8.07053 

1.92347 

9.99997 

19 

2520 

42 

8.08696 

1046 

5.31444 

5.31440 

8.08700 

1047 

1.91300 

9.99997 

18 

2r)80 

43 

8.09718 

1022 

5.31444 

5.31440 

8.09722 

10^ 

1.90278 

9.99997 

17 

2640 

44 

8.10717 

999 
976 

5.31444 

5.31440 

8.10720 

998 
976 

1.89280 

9.99996 

16 

2700 

45 

8.11693 

5.31444 

5.31440 

8.11696 

1.88804 

9.99996 

16 

2760 

46 

8.12647 

954 

5.31444 

5.31440 

8.12651 

965 

1.87349 

9.99996 

14 

2820 

47 

8.13581 

934 

5.31444 

5.81440 

8.13585 

984 

1.86415 

9.99996 

13 

2880 

48 

8.14495 

914 

5.31444 

5.31440 

8.14500 

915 

1.85500 

9.99996 

12 

2940 

49 

8.15391 

896 

877 

5.31444 

5.31440 

8.15395 

895 
878 

1.84605 

9.99996 

11 

3000 

50 

8.16268 

5.31444 

5.31439 

8.16273 

1.83727 

10 

3060 

51 

8.17128 

860 

5.31444 

5.31439 

8.17133 

860 

1.82867 

9.99995 

9 

3120 

52 

8.17971 

843 

5.31444 

5.31439 

8.17976 

843 

1.82024 

9.99995 

8 

3180 

53 

8.18798 

827 

5.31444 

5.31439 

8.18804 

828 

1.81196 

9.99995 

7 

3240 
3300 

54 
55 

8.19610 
8.20407 

812 
797 

5.31444 
5.31444 

5.31439 

8.19616 

812 
797 

1.80384 

9.99995 

6 

6.31489 

8.20413 

1.79587 

9.99994 

5 

3360 

56 

8.21189 

782 

5.31444 

5.31439 

8.21195 

782 

1.78805 

9.99994 

4 

5M20 

57 

8.21958 

769 

5.31445 

5.31439 

8.21964 

769 

1.78036 

9.99994 

3 

3480 

58 

8.22713 

755 
743 
730 

5.31445 

5.31488 

8.22720 

756 

1.77280 

9.99994 

? 

u:^o 

59 

8.23456 

5.31445 
5.31445 

5.31438 

8.23462 

742 
730 

1.76588 

9.99994 

1 

60 

8.24186 

5.31438 

8.24192 

1.75808 

9.99993 

0 

L.  Cos. 

d.  \ 

L.Cotg. 

d.c. 

L.TBDir. 
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II 

/ 

L.Sin. 

d. 

Cpl.  S. 

Cpl.T. 

5.31438" 

L.  Tang. 

d.c. 

L.  Cotg. 

L.Cos. 

60 

3600 

0 

8.24186 

5.31445 

8.24192 

1.75808 

9.99993 

3660 

1 

8.24903 

717 

5.31445 

6.31438 

8.24910 

718 

1.76090 

9.99993 

69 

3720 

2 

8.25609 

706 

5.31445 

6.31438 

8.25616 

706 

1.74384 

9.99993 

68 

3780 

3 

8.26304 

695 

5.31445 

6.31438 

8.26812 

696 

1.73688 

9.99993 

67 

3840 

4 

8.26988 

684 
673 

6.31445 

5.31437 

8.26996 

684 
673 

1.78004 

9.99992 

56 

3900 

5 

8.27661 

5.81445 

5.31437 

8.27669 

1.72331 

9.99992 

55 

3960 

6 

8.28324 

663 

5.31445 

5.31437 

8.28332 

663 

1.71668 

9.99992 

54 

4020 

7 

8.28977 

658 

5.31445 

6.314S7 

8.28986 

654 

1.71014 

9.99992 

53 

4080 

8 

8.29621 

644 

5.31445 

5.31437 

8.29629 

643 

1.70371 

9.99992 

52 

4140 

9 

8.30255 

634 
624 

5.31445 

5.31487 

8.30263 

634 
625 

1.69737 

9.99991 

61 

4200 

10 

8.30879 

5.31446 

5.31437 

8.30888 

1.69112 

9.99991 

50 

4260 

n 

8.31495 

616 

5.31446 

5.31486 

8.31506 

617 

1.68495 

9.99991 

49 

4320 

12 

8.32103 

608 

5.31446 

6.31436 

8.32112 

607 

1.67888 

9.99990 

48 

4380 

13 

8.32702 

599 

5.31446 

5.31436 

8.32711 

599 

1.67289 

9.99990 

47 

4440 

14 

8.33292 

590 
583 

5.31446 

5.31486 

8.33802 

591 
584 
575 

1.66698 

9.99990 

46 

4500 

15 

8.38875 

5.31446 

5.31436 

8.38886 

1.66114 

9.99990 

45 

4560 

16 

8.34450 

575 

5.31446 

5.31435 

8.34461 

1.65639 

9.99989 

44 

4620 

17 

8.35018 

568 

5  31446 

5.31435 

8.35029 

568 

1.64971 

9.99989 

43 

4680 

18 

8.35578 

560 

5.31446 

5.31435 

8.35590 

561 

1.64410 

9.99989 

42 

4740 

19 

8.36131 

558 
547 

5.31446 

5.31435 

8.36143 

553 
546 

1.63857 

9.99989 

41 
40 

4800 

20 

8.36678 

5.31446 

5.31435 

8.86689 

1.63311 

9  99988 

4860 

21 

8.37217 

639 

5.31447 

5.31434 

8.37229 

540 

1.62771 

9.99988 

39 

4920 

22 

8.37750 

538 

5.31447 

5.31434 

8.37762 

583 

1.62238 

9.99988 

38 

4980 

23 

8.38276 

526 

5.31447 

5.31434 

8.38289 

527 

1.61711 

9.99987 

37 

5040 

24 

8.38796 

520 
514 

5.31447 

5.31434 

8.38809 

520 
514 

1.61191 

9.99987 

36 

5100 

25 

8.39310 

5.31447 

5.31434 

8.39323 

1.60677 

9.99987 

3.^ 

5160 

26 

8.39818 

508 

5.31447 

6.31433 

8.39832 

509 

1.60168 

9.99986 

34 

5220 

27 

8.40320 

502 

5.31447 

5.31433 

8.40334 

602 

1.59666 

9.99986 

33 

5280 

28 

8.40816 

496 

5.31447 

6.31433 

8.40830 

496 

1.59170 

9.99986 

32 

5340 

29 

8.41307 

491 

485 

5.31447 

5.31433 

8.41321 

491 

486 

1.68679 

9.99985 

31 

5400 

30 

8.41792 

5.31447 

5.31433 

8.41807 

1.58193 

9.99985 

30 

5460 

31 

8.42272 

480 

5.31448 

5.31432 

8.42287 

480 

1.57713 

9.99985 

29 

5520 

82 

8.42746 

474 

5.31448 

5.31432 

8.42762 

475 

1.57238 

9.99984 

28 

5580 

33 

8.43216 

470 

5.31448 

6.31432 

8.43232 

470 

1.56768 

9.99984 

27 

5640 

34 

8.48680 

464 
459 

5.31448 

5.31432 

8.43696 

464 
460 

1.56304 

9.99984 

26 

5700 

,35 

8.44189 

5.31448 

5.31431 

8.44166 

1.55844 

9.99983 

25 

5760 

36 

8.44594 

455 

5.31448 

6.31431 

8.44611 

455 

1.55389 

9.99983 

24 

5820 

37 

8.45044 

450 

5.31448 

6.31431 

8.45061 

450 

1.54939 

9.99983 

2:^ 

5880 

38 

8.45489 

445 

5.31448 

5.31431 

8.45507 

446 

1.54493 

9.99982 

22 

5940 

39 

8.45930 

441 
436 

5.31449 

5.31431 

8.45948 

441 
437 

1.54052 

9.99982 

21 

6000 

40 

8.46366 

5.31449 

5.31430 

8.46386 

1.53616 

9.99982 

20 

6060 

41 

8.46799 

433 

5.31449 

5.31430 

8.46817 

432 

1.53183 

9.99981 

19 

6120 

42 

8.47226 

427 

5.31449 

5.31430 

8.47246 

428 

1.52755 

9.99981 

18 

6180 

43 

8.47650 

424 

5.31449 

5.31430 

8.47669 

424 

1.62331 

9.99981 

17 

6240 

44 

8.48069 

419 
416 

5.31449 

5.31429 

8.48089 

420 
416 

1.61911 

9.99980 

16 
15 

6300 

45 

8.48485 

5.31449 

5.31429 

8.48505 

1.51495 

9.99980 

6360 

46 

8.48896 

411 

5.31449 

5.31429 

8.48917 

412 

1.51083 

9.99979 

14 

6420 

47 

8.49304 

408 

5.31450 

5.31428 

8.49325 

408 

1.50675 

9.99979 

13 

6480 

48 

8.49708 

404 

5.31450 

5.31428 

8.49729 

404 

1.50271 

9.99979 

12 

6540 

49 

8.50108 

400 
396 

5.31450 

5.31428 

8.50130 

401 
397 

1.49870 

9.99978 

11 

6600 

50 

8.50504 

5.31450 

5.31428 

8.50527 

1.49473 

9.99978 

10 

6660 

51 

8.50897 

893 

5.31450 

5.31427 

8.50920 

893 

1.49080 

9.99977 

9 

6720 

52 

8.51287 

390 

5.31460 

5.31427 

8.51310 

390 

1.48690 

9.99977 

8 

6780 

53 

8.51673 

386 

5.31450 

5.31427 

8.51696 

386 

1.48304 

9.99977 

7 

6840 

54 

8.52056 

382 
379 

5.31450 

5.31427 

8.52079 

383 
380 

1.47921 

9.99976 

6 

6900 

55 

8.52434 

5.31451 

5.31426 

8.52459 

1.47641 

9.99976 

5 

6960 

56 

8.52810 

376 

5.31451 

5.31426 

8.52836 

376 

1.47165 

9.99975 

4 

7020 

57 

8.53183 

373 

5.31451 

5.31426 

8.63208 

373 

1.46792 

9.99975 

3 

7080 

58 

8.58562 

369 

5.31451 

5.31425 

8.53578 

370 

1.46422 

9.99974 

2 

7140 

59 

8.53919 

367 
363 

5.31451 

6.31425 

8.53945 

367 
363 

1.46055 

9.99974 

1 

7200 

00 

8.54282 

6.31451 

5.31425 

8.54308 

1.45692- 

9.99974 

0 

L.C08. 

d. 

L.  Cotg. 

d.  c.  L.  Tans:. 

L.  Sin. 

LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS. 


ff 

/ 

L.  Sin. 

d. 

Cpl.  8. 

Cpl.T. 

L.  Tang. 

d.c. 

L.Cotg. 

L.C08. 

7200 

0 

8.54282 

5.31451 

5.31425 

8.54308 

1.45692 

9.99»74 

60 

7260 

1 

8.54642 

360 

5.31451 

5.31425 

8.54669 

861 

1.46331 

9.99973 

59 

7320 

2 

8.54999 

357 

6.31452 

5.31424 

8.55027 

358 

1.44973 

9.99973 

58 

7380 

8 

8.55354 

355 

5.31452 

5.31424 

8.55382 

855 

1.44618 

9.99972 

57 

7440 

4 

8.55705 

351 
349 

5.81452 

5.31424 

8.55784 

352 
349 

1.44266 

9.99972 

66 

7500 

5 

8.56054 

5.31452 

5.31423 

8,56083 

1.43917 

9.99971 

S> 

7560 

6 

8.56400 

346 

5.31452 

5.31423 

8.56429 

346 

1.43571 

9.99971 

54 

7620 

7 

8.56743 

843 

5.31452 

5.31423 

8.56778 

344 

1.43227 

9.99970 

53 

7680 

8 

8.57084 

841 

5.31458 

5.31422 

8.57114 

841 

1.42886 

9.99970 

52 

7740 

9 

8.57421 

887 
886 

5.81453 

5.31422 

8.57452 

838 
886 

1.42548 
1.42212 

9.99969 

51 

7800 

10 

8.57757 

5.31453 

5.81422 

8.57788 

9.99969 

SO 

7860 

11 

8.58089 

832 

5.31453 

5.31421 

8.68121 

333 

1.41879 

9.99968 

49 

7920 

12 

8.58419 

830 

5.31453 

6.81421 

8.58451 

330 

1.41549 

9.99968 

48 

7980 

13 

8.58747 

328 

5.31453 

5.31421 

8.58779 

328 

1.41221 

9.99967 

47 

8040 

14 

8.59072 

825 
828 

5.31454 

5.31421 

8.59105 

826 
823 

1.40895 

9.99967 

46 

8100 

15 

8.59395 

5.31454 

5.31420 

8.59428 

1.40572 

9.99967 

45 

8160 

16 

8.59715 

820 

5.31454 

6.31420 

8.69749 

821 

1.40251 

9.99966 

44 

8220 

17 

8.60033 

818 

5.31454 

5.31420 

8.60068 

819 
316 

1.39932 

9.99966 

43 

8280 

18 

8.60849 

816 

5.31454 

5.31419 

8.60884 

1.39616 

9.99965 

42 

8340 

19 

8.60662 

313 
811 

5.31454 

5.31419 

8.60698 

814 
811 

1.39302 

9.99964 

41 

8400 

20 

8.60973 

5.31455 

5.31418 

8.61009 

1.38991 

9.99964 

40 

8460 

21 

8.61282 

809 

5.81455 

5.31418 

8.61319 

810 

1.38681 

9.99963 

39 

8520 

22 

8.61689 

307 

5.31455 

5.31418 

8.61626 

307 

1.88374 

9.99963 

88 

8580 

23 

8.61894 

305 

5.31455 

6.31417 

8.61981 

805 

1.88069 

9.99962 

37 

8640 

24 

8.62196 

302 
801 

5.31455 

6.31417 

8.62234 

808 
801 

1.37766 

9.99962 

36 

8700 

25 

8.62497 

5.31455 

5.31417 

8.62535 

1.37465 

9.99961 

35 

8760 

26 

8.62795 

296 

5.31456 

6.31416 

8.62834 

299 
297 

1.87166 

9.99961 

34 

8820 

27 

8.63091 

296 

5.31456 

6.31416 

8.63131 

1.86869 

9.99960 

83 

8880 

28 

8.63385 

294 

5.31456 

6.31416 

8.63426 

295 

1.36574 

9.99960 

32 

8940 

29 

8.63678 

293 
290 

5.31456 

5.31415 

8.63718 

292 
291 

1.36282 

9.99959 

31 

9000 

30 

8.63968 

5.31456 

5.31415 

8.64009 

1.35991 

9.99959 

SO 

9060 

31 

8.64256 

288 

5.31456 

5.31415 

8.64298 

289 

1.35702 

9.99958 

29 

9120 

32 

8.64548 

287 

5.31457 

5.31414 

8.64586 

287 

1.36415 

9.99958 

28 

9180 

33 

8.64827 

284 

5.31457 

5.31414 

8.64870 

286 

1.35130 

9.99957 

27 

9240 

34 

8.65110 

283 
281 
279 

5.31457 

5.31413 

8.65154 

284 
281 

1.84846 

9.99956 

26 
25 

9300 

35 

8.65391 

5.31457 

5.31413 

8.65435 

1.34665 

9.99966 

9360 

36 

8.65670 

5.31457 

5.31413 

8.65716 

280 

1.34285 

9.99955 

24 

9420 

37 

8.65947 

277 
276 

5.31458 

5.31412 

8.65993 

278 

1.34007 

9.99955 

23 

9480 

38 

8.66228 

5.31458 

5.31412 

8.66269 

276 

1.33731 

9.99954 

22 

9540 

39 

8.66497 

274 
272 

5.31458 

5.31412 

8.66543 

274 
273 

1.33457 

9.99954 

21 

9600 

40 

8.66769 

5.31458 

5.31411 

8.66816 

1.38184 

9.99953 

to 

9660 

41 

8.67039 

270 

5.31458 

5.31411 

8.67087 

271 

1.32913 

9.99952 

19 

9720 

42 

8.67308 

269 

5.31459 

5.31410 

8.67356 

269 

1.32644 

9.99952 

18 

9780 

43 

8.67575 

267 

5.31459 

5.31410 

8.67624 

268 

1.82376 

9.99951 

17 

9840 

44 

8.67841 

266 
268 

5.31459 

5.31410 

8.67890 

266 
264 

1.32110 

9.99951 

16 

9900 

45 

8.68104 

5.31459 

5.31409 

8.68154 

1.31846 

9.99950 

15 

9960 

46 

8.68367 

263 

5.31459 

5.31409 

8.68417 

263 

1.31583 

9.99949 

14 

10020 

47 

8.68627 

260 

5.31460 

5.31408 

8.68678 

261 

1.31322 

9.99949 

13 

10080 

48 

8.68886 

259 

5.31460 

5.31408 

8.68938 

260 

1.31062 

9.99948 

12 

10140 

49 

8.69144 

258 
256 

5.31460 

5.31408 

8.69196 

258 
257 

1.30804 

9.99948 

11 

10200 

50 

8.69400 

5.31460 

5.31407 

8.69453 

1.80647 

9.99947 

10 

10260 

51 

8.69654 

254 

5.31460 

5.31407 

8.69708 

255 

1.80292 

9.99946 

9 

ia320 

52 

8.69907 

253 

5.31461 

5.31406 

8.69962 

254 

1.80088 

9.99946 

8 

10380 

53 

8.70159 

252 

5.31461 

5.31406 

8.70214 

252 

1.29786 

9.99945 

7 

10440 

54 

8.70409 

250 
249 
247 

5.31461 

5.31405 

8.70465 

251 
249 

1.29636 

9.99944 

6 

10500 

55 

8.70658 

5.31461 

5.31405 

8.70714 

1.29286 

9.99944 

ft 

10560 

56 

8.70905 

5.31461 

5.31405 

8.70962 

248 

1.29038 

9.99943 

4 

10620 

57 

8.71151 

246 

5.31462 

5.31404 

8.71208 

246 

1.28792 

9.99942 

3 

10680 

58 

8.71395 

244 

5.31462 

5.31404 

8.71463 

245 

1.28547 

9.99942 

2 

10740 

59 

8.71638 

243 
242 

5.31462 

5.31403 

8.71697 

244 
248 

1.28308 

9.99941 

1 

10800 

60 

8L71880 

5.31462 

5.31403 

8.71940 

1.28060 

9.99940 

0 

L.  Cos. 

d. 

L.  Cotg. 

d.C. 

L.Tang.  L.Sin.  | 

/ 

LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS. 


495 


L.Sin.  I  d. 


L.Tang. 


d.  c. 


L.  Cotg. 


L.  Cos. 


P.P. 


8.71880 
8.72120 
8.72359 
8.72597 
8.72834 


8.730t>9 
8.73303 
8.73535 
8.73767 
8.73997 


8.74226 
8.74454 
8.74680 
8.74906 
8.75130 


8.75353 
8.75575 
8.75795 
8.76015 
8.76234 


8.76451 
8.76667 
8.76883 
8.77097 
8.77310 


8.77522 
8.77733 
8.77943 
8.78152 
8.78360 


8.78568 
8.78774 
8.78979 
8.79183 
8.79386 


8.79588 
8.79789 
8.79990 
8.80189 
8.80388 


8.80585 
■8.80782 
8.80978 
8.81173 
8.81367 


8.81560 
8.81752 
8.81944 
8.82134 
8.82324 


8.82513 
8.82701 


8.83075 
8.83261 


8.83446 
8.83630 
8.83813 
8.83996 
8.84177 
8.84358 
L.COB. 


240 
239 
238 
237 
235 
234 
232 
232 
230 
229 


224 
228 
222 
22Q 
220 
219 
217 
216 
216 
214 
213 
212 
2U 
210 
209 
208 
206 
206 
205 
204 
203 
202 
201 
201 
199 
199 
197 
197 
196 
195 
194 
193 
192 
192 
190 
190 
189 
188 
187 
187 
186 
185 
184 
183 
183 
181 
181 

"dT 


8.71940 
8.72181 
8.72420 
8.72659 
8.72896 


8.73132 
8.73366 
8.73600 
8.73832 

8.74063 


8.74292 
8.74521 
8.74748 
8.74974 
8.75199 


8.75423 

8.75645 
8.75867 
8.76087 
8.76306 


8.78649 
8.78855 
8.79061 
8.79266 
8.79470 


8.79673 
8.79875 
8.80076 
8.80277 
8.80476 


8.80674 
8.80872 
8.81068 
8.81264 
8.81459 


8.81846 
8.82038 


8.82420 


8.82610 
8.82799 
8.82987 
8.83175 
8.83361 


8.83547 
8.83732 
8.83916 
8.84100 
8.84282 
8.84464 
L.  Cotg. 


241 
239 
•239 
237 
236 
234 
234 
232 
231 
229 
229 
227 
226 
225 
224 
222 
222 
220 
219 
219 
217 
216 
215 
214 
213 
2»1 
211 
210 
209 
208 
206 
206 
205 
204 
203 
202 
201 
201 
99 
98 
.98 
.96 
96 
95 
94 
.93 
.92 
.92 
.90 
.90 


.86 
185 
.84 
:84 
.82 
.82 

d7c. 


.28060 
.27819 
.27580 
27341 
.27104 


9.99940 


9.99939 
9.99938 
9.99938 


.26634 
.26400 
.26168 
.25937 


9.99987 


9.99986 


25708 
25479 
25252 
25026 
24801 


9.99932 


9.99931 


24577 
24355 
24133 
23913 


9.99930 
9.99929 
9.99929 
9.99928 
9.99927 


23475 
23258 
23042 
22827 
22613 


9.99926 
9.99926 
9.99925 
9.99924 
9.99923 


.22400 
.22189 
.21978 
.21768 
.21559 


9.99923 
9.99922 
9.99921 
9.99920 
9.99920 


.21351 
.21145 


20734 
20530 


20327 
20125 
19924 
19723 
19524 


19326 
19128 


,18736 
18541 


9.99911 
9.99910 
9.99909 


9.99908 


.18347 
18154 
17962 
17770 
17580 


9.99907 
9.99906 
9.99905 
9.99904 
9.99904 


17890 
17201 
17013 
16825 
16639 


9.99903 
9.99902 
9.99901 
9.99900 
9.99899 


16453 


16084 

.15900 

.15718 

1.15536 

L.Tang. 


9.99898 
9.99898 
9.99897 


9.99895 
9.99894 
L.  Sin. 


32 


238 

234 

6 

23.8 

23.4 

7 

27.8 

27.3 

8 

31.7 

31.2 

9 

35.7 

35.1 

10 

39.7 

39.0 

20 

79.3 

78.0 

30 

119.0 

117.0 

40 

.158.7 

156.0 

50 

198.3 

195.0 

225 

220 

6 

22.5 

22.0 

7 

26.8 

25.7 

8 

30.0 

29.3 

9 

33.8 

33.0 

10 

37.5 

36.7 

20 

75.0 

73.3 

30 

112.5 

110.0 

40 

150.0 

146.7 

50 

187.5 

183.3 

212 

208 

6 

21.2 

20.8 

7 

24.7 

24.3 

8 

28.3 

27.7 

9 

31.8 

31.2 

10 

35.3 

34.7 

20 

70.7 

69.3 

30 

106.0 

104.0 

40 

141.3 

138.7 

50 

176.7 

173.3 

201 

197 

6 

20.1 

19.7 

7 

23.5 

23.0 

8 

26.8 

26.3 

9 

30.2 

29.6 

10 

33.5 

32.8 

20 

67.0 

65.7 

30 

100.5 

98.5 

40 

134.0 

181.3 

50 

167.5 

164.2 

188 

185 

6 

18.9 

18.5 

7 

22.1 

21.6 

8 

25.2 

24.7 

9 

28.4 

27.8 

10 

31.5 

30.8 

20 

63.0 

61.7 

30 

94.5 

92.5 

40 

126.0 

123.3 

50 

157.5 

154.2 

4 

3 

2 

6 

0.4 

0.3 

0.2 

7 

0.5 

0.4 

0.2 

8 

0.5 

0.4 

0.3 

9 

0.6 

0.5 

0.3 

10 

0.7 

0.5 

0.3 

20 

1.3 

1.0 

0.7 

30 

2.0 

1.5 

1.0 

40 

2.7 

2.0 

1.3 

50 

3.3 

2.5 

1.7 

228 

22.9 
26.7 
30.5 
34.4 
38.2 
76.3 
114.5 
152.7 
190.8 

216 
21.6 
25.2 
28.8 
32.4 
36.0 
72.0 
108.0 
144.0 
180.0 

204 

20.4 
23.8 
27.2 
30.6 
34.0 
68.0 
102.0 
136.0 
170.0 

183 

19.3 
22.5 
25.7 
29.0 
32.2 
64.3 
96.5 
128.7 
160.8 

181 

18.1 
21.1 
24.1 
27.2 
30.2 
60.3 
90.5 
120.7 
150.8 

I 
0.1 
0.1 
0.1 
0.2 
0.2 
0.3 
0.5 
0.7 
0.8 


P.P. 


RRQ 


LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS. 


181 
179 
179 
178 
177 
177 
176 
175 
176 
173 
173 
173 
171 
171 
171 
169 


L.Taiig. 


8.84464 
8.84646 
8.84826 
8.85006 
8.85185 


8.85363 
8.85540 
8.85717 
8.85893 
8.86069 
8.86243 
8.86417 
8.86591 
8.86763 


8.87106 
8.87277 
8.87447 
8.87616 
8.87785 


8.91957 
8.92110 
8.92262 
8.92414 
8.92565 


8.92716 
8.92866 
8.93016 
8.93165 
8.93813 


8.93462 
3.93609 
8.93756 
8.93903 
8.94049 


_  8.94195 
dT  L.  Cotg. 


d.c 


182 
180 
180 
179 
178 
177 
177 
176 
176 
174 
174 
174 
172 
172 
171 
171 
170 
169 
169 
168 
167 
167 
166 
165 
165 
165 
163 
163 
163 
161 
162 
160 
160 
160 
159 
158 
158 
157 
157 
156 
155 
155 
155 
153 
154 
153 
152 
152 
151 
151 
150 
150 
149 
148 
149 
147 
147 
147 
146 
146 


L^Cotg. 

1.15536 
1.15354 
1.15174 
1.14904 
1.14816 


1.14637 
1.14460 
1.14283 
1.14107 
1.13981 


1.13757 
1.13583 
1.13409 
1.13237 
1.13065 


1.12894 
1.12723 
1.12653 
1.12384 
1.12215 
1.12047 
1.11880 
1.11713 
1.11647 
1.11382 
1.11217 
1.11052 
1.10889 
1.10726 
1.10563 


1.10402 
1.10240 
1.10080 
1.09920 
1.09760 


1.09601 
1.09443 
1.09285 
1.09128 
1.08971 


1.08815 
1.08660 
1.08505 
1.08350 
1.08197 


1, 

1.07890 

1.07738 

1.07586 

1.07435 


1.07284 
1.07134 
1.06984 
1.06835 
1.06687 
1.06538 
1.06891 
1.06244 
1.06097 
1.05951 
1.05805 
L.Tang" 


L.C08. 


9.99894 
9.99893 
9.99892 
9.99891 
9.99891 


9.99890 
9.99889 
9.99688 
9.99887 
9.' 


9.99885 
9.99884 
9.99883 


9.99880 
9.99879 
9  99879 
9.99878 
9.99877 


9.99876 
9.99875 
9.99874 
9.99873 
9.99872 


9.99870 
9.99869 


9.99867 


9.99866 
9.99865 
9.99864 
9.99863 


9.99861 


9.99859 
9.99858 
9.99857 


9.99856 
9.99855 
9.99854 
9.99853 
9.99852 


9.99851 
9.99850 
9.99848 
9.99847 
9.99846 


9.99845 
9.99844 
9.99843 
9.99842 
9.99841 


9.99840 
9.99839 


L.  Sin. 


40 


37 


P.  P. 


181 

178 

6 

18.1 

17.9 

7 

21.1 

20.9 

8 

24.1 

23.9 

9 

27.2 

26.9 

10 

30.2 

29.8 

20 

60.3 

69.7 

80 

90.5 

89.5 

40 

120.7 

119.3 

50 

150.8 

149.2 

175 

178 

6 

17.5 

17.8 

7 

20.4 

20.2 

8 

23.3 

23.1 

9 

26.3 

26.0 

10 

29.2 

28.8 

20 

68.3 

57.7 

30 

87.5 

86.5 

40 

116.7 

115.3 

50 

145.8 

144.2 

168 

188 

6 

16.8 

16.6 

7 

19.6 

19.4 

8 

22.4 

22.1 

9 

25.2 

24.9 

10 

28.0 

27.7 

20 

66.0 

55.3 

30 

84.0 

83.0 

40 

112.0 

110.7 

50 

140.0 

138.3 

162 

IS8 

6 

16.2 

15.9 

7 

18.9 

18.6 

8 

21.6 

21.2 

9 

24.3 

23.9 

10 

27.0 

26.6 

20 

64.0 

63.0 

30 

81.0 

79.6 

40 

108.0 

106.0 

50 

135.0 

132.6 

165 

158 

6 

15.5 

15.3 

7 

18.1 

17.9 

8 

20.7 

20.4 

9 

23.3 

23.0 

10 

25.8 

25.6 

20 

51.7 

61.0 

30 

77.5 

76.6 

40 

108.3 

102,0 

60 

129.2 

127.5 

149 

147 

6 

14.9 

14.7 

7 

17.4 

17.2 

8 

19.9 

19.6 

9 

22.4 

22.1 

K) 

24.8 

24.6 

20 

49.7 

49.0 

90 

74.5 

73.6 

40 

99.3 

96.0 

60 

124.2 

122.5 

177 

17.7 
20.7 
23.6 
26.6 
29.5 
59.0 
88.5 
118.0 
147.5 

171 

17.1 
20.0 
22.8 
25.7 
28.5 
57.0 
85.5 
114.0 
142.5 

164 

16.4 
19.1 
21.9 
24.6 
27.3 
54.7 
82.0 
109.3 
136.7 

157 

15.7 
18.3 
20.9 
23.6 
26.2 
52.3 
78.5 
104.7 
130.8 

151 

15.1 

17.6 

20.1 

22.7 

25.2 

50.3 

75.5 

100.7 

125.8 

I 
0.1 
0.1 
0.1 
0.2 
0.2 
0.3 
0.6 
0.7 
0.8 


P.P. 
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L.SiiL 


L.TaDg.|  d.  c, 


L.  Cotg. 


L.C08. 


P.P. 


8.940a0 
8.94174 
8.94S17 
8.94461 
8.94603 


8.94746 
8.94887 
8.95029 
8.95170 
8.95310 


8.95450 
8.95589 
8.95728 
8.95867 
8.96005 


8.96143 
8.96280 
8.96417 
8.96553 
8.96689 


8.96825 
8.96960 
8.97095 
8.97229 
8.97363 


8.97496 
8.97629 
8.97762 
8.97894 
8.98026 
8.98157 
8.98288 
8.98419 
8.98549 
8.96679 


8.96806 
8.96987 
8.99066 
8.99194 
8.99322 


8.99450 
8.99577 
8.99704 
8.99830 
8.99956 


9.00082 
9.00207 
9.00832 
9.00456 
9.00681 


9.00704 
9.00828 
9.00951 
9.01074 
9.01196 


9.01318 
9.01440 
9.01661 

58  9.01682 

59  9.01803 


9.01923 


8.94195 
8.94340 
8.94485 
8.94680 
8.94773 


8.94917 
8.95060 
8.95202 
8.95844 
8.95486 


8.95627 
8.95767 
8.95908 
8.96047 
8.96187 


8.96325 
8.96464 
8.96602 
8.96739 
8.96877 


8.97013 
8.97150 
8.97285 
8.97421 
8.97556 
8.97691 
8.97825 
8.97959 
8.98092 
8.98225 
8.98358 
8.98490 
8.98622 
8.98753 
8.96884 


8.99015 
8.99145 
8.99275 
8.99405 
8.99534 


8.99662 
8.99791 
8.99919 
9.00046 
9.00174 
9.00301 
9.00427 
9.00558 
9.00679 
9.00805 
9.00930 
9.01055 
9.01179 
9.01308 
9.01427 


9.01550 
9.01673 
9.01796 
9.01918 
9.02040 


9.02162 


I  145 
145 
145 
148 
144 
143 
142 
142 
142 
141 
140 
141 
139 
140 
138 
139 
188 
137 
138 
136 
137 
185 
136 
135 
135 
134 
134 
133 
183 
133 
132 
132 
131 
181 
131 
180 
130 
130 
129 
128 
129 
128 
127 
128 
127 
126 
126 
126 
126 
125 
25 
24 


.05805 
,06660 
.06516 
,05370 
.05227 


9.99834 
9.1 


9.99831 
9.99830 


.05083 
.04940 
.04798 
.04656 
.04514 
:04373 
.04233 
.04092 
.03953 
.08813 


9.99829 
9.99828 
9.99827 
9.99825 
9.99824 


9.' 

9J9822 

9.99821 

9.99820 

9.99819 


.03675 
.03536 
.03398 
.08261 

mm 

,02987 
,02850 
.02715 
,02579 
.02444 
.02309 
.02175 
,02041 
.01908 
.01775 


9.99817 
9.99816 
9.99815 
9.99814 
9.99813 


9.99812 
9.99810 
9.99809 
9.99808 
9.99807 


9.99804 


9.99802 
9.99801 


.01642 
.01610 
.01378 
.01247 
.01116 
.00985 
.00855 
.00725 
.00595 
.00466 


.00338 
.00209 
.00081 
0.99954 
0.99826 
0.99699 
0.99573 
0.99447 
0.99321 
0.99195 
0.99070 
0.98945 
0.98821 
0.98697 
0.98573 


0.98460 
0.98327 
0.98204 
0.98082 
0.97960 


9.99768 
9.99767 
9.99765 
9.99764 
9.99763 


I4S 

143 

6 

14.5 

14.3 

7 

16.9 

16.7 

8 

19.3 

19.1 

9 

21.8 

21.5 

10 

24.2 

23.8 

20 

48.3 

47.7 

80 

72.5 

71.5 

40 

96.7 

95.3 

50 

120.8 

119.2 

138 

I3S 

6      18.9 

13.8 

7t    16.2 

16.1 

8 

18.5 

18.4 

9 

20.9 

20.7 

10 

28.2 

23.0 

20 

46.3 

46.0 

80 

69.5 

69.0 

40 

92.7 

92.0 

50 

116.8 

115.0 

135 

133 

6      18.5 

13.3 

7  1    16.8 

16.5 

8 

18.0 

17.7 

9 

20.3 

20.0 

10 

22.6 

22.2 

20 

45.0 

44.3 

30 

67.5 

66.5 

40 

90.0 

88.7 

50 

112.5 

110.8 

128 

128 

6 

12.9 

12.8 

7 

15.1 

14.9 

8 

17.2 

17.1 

9 

19.4 

19.2 

10 

21.5 

21.3 

20 

43.0 

42.7 

30 

64.6 

64.0 

40 

86.0 

85.3 

60 

107.6 

106.7 

125 

123 

6 

12.6 

12.3 

7 

14.6 

14.4 

8 

16.7 

16.4 

9 

18.8 

18.5 

10 

20.8 

20.5 

20 

41.7 

41.0 

30 

62.5 

61.5 

40 

83.3 

82.0 

50 

104.2 

102.5 

0.97838 


9.99761 


121 

120 

6 

12.1 

12.0 

7 

14.1 

14.0 

8 

16.1 

16.0 

9 

18.2 

18.0 

10 

20.2 

20.0 

20 

40.3 

40.0 

30 

60.5 

60.0 

40 

80.7 

80.0 

50 

100.8 

100.0 

141 

14.1 
16.5 
18.8 
21.2 
23.5 
47.0 
70.5 
94.0 
117.5 

136 

13.6 
15.9 
18.1 
20.4 
22.7 
45.3 
68.0 
90.7 
113.3 

131 

13.1 
15.3 
17.5 
19.7 
21.8 
43.7 
65.5 
87.3 
109.2 

126 

12.6 
14.7 
16.8 
18.9 
21.0 
42.0 
63.0 
84.0 
105.0 

122 
12.2 
14.2 
16.3 
18.3 
20.3 
40.7 
61.0 
81.3 
101.7 

I 
0.1 
0.1 
0.1 
0.2 
0.2 
0.3 
0.5 
0.7 
0.8 


L.  Cob. 


d. 


L.  Cotg.  d.  e.iL.Tang. 


L.  Sin. 


P.  P. 
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6° 


7 
8 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 

20 

21 
22 
23 
24 


30 

31 
32 
33 
34 


40 

41 
42 
43 
44 
45 
46 
47 
48 
49 

50 
51 
52 
53 
54 
55 
56 
57 
58 


L.S1I1. 


9.01923 
9.02043 
9.02163 
9.02283 
9.02402 


9.02520 


9.02757 
9.02874 
9.02992 


9.03109 
9.03226 
9.03342 
9.03458 
9.03574 


9.03805 
9.03920 
9.04034 
9.04149 


9.04262 
9.04376 
9.04490 
9.04603 
9.04715 


9.04828 
9.04940 
9.05052 
9.05164 
9.05275 


9.05386 
9.05497 
9.05607 
9.05717 
9.05827 


9.05937 
9.06046 
9.06155 
9.06264 
9.06372 


9.06481 
9.06589 
9.06696 
9.06804 
9.06911 


9.07018 
9.07124 
9.07231 
9.07337 
9.07442 
9.0/548 
9.07653 
9.07758 
9.07863 
9.07968 
9.08072 
9.0817O 
9.08280 
9.08383 
9.08486 


L.  Cos. 


L.Tang. 
9.02162 
9.02283 
9.02404 
9.02525 
9.02645 


9.02766 
9.02885 
9.03005 
9.03124 
9.03242 


9.03361 
9.03479 
9.03597 
9.03714 
9.03832 


9.03948 
9.04065 
9.04181 
9.04297 
9.04413 


9.06224 
9.06335 
9.06445 
9.06556 
9.06666 


9.06775 
9.06885 
9.06994 
9.07103 
9.07211 
9.07320 
9.07428 
9.07536 
9.07643 
9^U77M 
9.07858 
9.07964 
9.08071 
9.08177 
9.08283 


9  08389 
9.08495 
9.03600 
9.0b  .05 
9.08810 


9.08914 
L.  Cotg. 


d.  c.  L.  Cotg. 


121 
121 
121 
120 
121 
119 
120 
119 
118 
119 
118 
118 
117 
118 
116 
117 
116 
116 
116 
115 
115 
115 
115 
114 
114 
113 
114 
113 
112 
113 
112 
112 
112 
111 
111 
HI 
110 
111 
110 
109 
110 
109 
109 
108 
109 
108 
108 
107 
108 
107 
106 
107 
106 
103 
106 
106 
105 
105 
105 
104 


0.97838 
0.97717 
0.97596 
0.97475 
0.97355 


0.97234 
0.97115 
0.96995 
0.96876 
0.%758 


0.96639 
0.96521 
0.96403 
0.96286 
0.96168 


0.96052 
0.95935 
0.95819 
0.95703 
0.95587 


0.95472 
0.95357 
0.95242 
0.95127 
0.95013 


0.94899 
0.94786 
0.94672 
0.94559 
0.94447 


0.94334 
0.94222 
0.94110 
0.93998 
0.93887 


0.93776 
0.93665 
0.93555 
0.93444 
0.93334 


0.93225 
0.93115 
0.93006 
0.92897 
0.92789 


0.92680 
0.92572 
0.92464 
0.92357 
0.92249 


L.  Ctos. 


9.99761 
9.99760 
9.99759 
9.99757 
9.99756 


9.99755 
9.99753 
9.99752 
9.99751 
9.99749 


9.99748 
9.99747 
9.99745 
9.99744 
9.99742 


9.99741 
9.99740 
9.99738 
9.99737 
9.99736 


9.99734 
9.99733 
9.99731 
9.99730 
9.99728 


9.99727 
9.99726 
9.99724 
9.99723 
9.99721 


9.99720 
9.99718 
9.99717 
9.99716 
9.99714 


9.99713 
9.99711 
9.99710 
9.99708 
9.99707 


9.99705 
9.99704 
9.99702 
9.99701 


9.99698 


0.92142 
0.92036 
0.91929 
0.91823 
0.91717 
0.91611 
0.91505 
0.91400 
0.91295 
0:91I90 


0.91086 
L.Tang. 


9.99695 
9.99693 
9.99692 


9.99690 
9.99689 
9.99687 
9.99686 
9.99684 


9.99683 
9.99681 
9.99680 
9.99678 
9.99677 


9.99675 
L.  Sin. 


40 


P.P. 


121 

120 

6 

12.1 

12.0 

7 

14.1 

14.0 

8 

16.1 

16.0 

9 

18.2 

18.0 

10 

20.2 

20.0 

20 

40.3 

40.0 

30 

60.5 

60.0 

40 

80.7 

80.0 

50 

100.8 

100.0 

118 

117 

6 

11.8 

11.7 

7 

13.8 

13.7 

8 

15.7 

15.6 

9 

17.7 

17.6 

10 

19.7 

19.5 

20 

39.3 

39.0 

30 

59.0 

58.5 

40 

78.7 

78.0 

50 

98.3 

97.5 

115 

114 

6 

11.6 

11.4 

7 

13.4 

13.3 

8 

15.3 

15.2 

9 

17.3 

17.1 

10 

19.2 

19.0 

20 

38.3 

38.0 

30 

57.5 

57.0 

40 

76.7 

76.0 

50 

95.8 

95.0 

112 

III 

6 

11.2 

11.1 

7 

13.1 

13.0 

8 

14.9 

14.8 

9 

16.8 

16.7 

10 

18.7 

18.5 

20 

37.3 

37.0 

30 

56.0 

55.5 

40 

74.7 

74.0 

50 

93.3 

92.5 

109 

108 

6 

10.9 

10.8 

7 

12.7 

12.6 

8 

14.5 

14.4 

9 

16.4 

16.2 

10 

18.2 

18.0 

20 

36.3 

36.0 

30 

54.5 

54.0 

40 

72.7 

72.0 

50 

90.8 

90.0 

IOC 

105 

6 

10.6 

10.5 

7 

12.4 

12.8 

8 

14.1 

14.0 

9 

15.9 

15.8 

10 

17.7 

17.5 

20 

36.3 

85.0 

30 

53.0 

52.6 

40 

70.7 

70.0 

50 

88.3 

87.5 

P.P. 


83° 
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L.  Sin. 


L.  Cob. 


P.P. 


9.08589 
9.08692 
9.08795 
9.08897 


9.09101 
9.09202 
9.09304 
9.09405 
9.09506 


9.10599 
9.10697 
9.10795 
9.10893 
9.10990 


9.11087 
9.11184 
9.11281 
9.11377 
9.11474 


9.11570 
9.11666 
9.11761 
9.11857 
9.11952 


9.12047 
9.12142 
9.12236 
9.12331 
9.12425 


9.12519 
9.12612 
9.12706 
9.12799 
9.12892 


9.12985 
9.13078 
9.13171 
9.13263 
9.13355 


9.13447 


9.13630 
9.13722 
9.13813 


BO 


9.13904 
9.13994 
9.14085 
9.14176 
9.14266 


9.14866 
L.008. 


105 

t04 

6 

10.5 

10.4 

7 

12.3 

12.1 

8 

14.0 

13.9 

9 

15.8 

15.6 

10 

17.5 

17.3 

20 

35.0 

34.7 

30 

52.5 

52.0 

40 

70.0 

69.3 

50 

87.5 

86.7 

102 

6  10.2 

7  ;  11.9 

8  13.6 

9  15.3 
17.0 
34.0 
51.0 
68.0 
85.0 


103 

10.3 
12.0 
13.7 
15.5 
17.2 
34.3 
51.5 
68.7 
85.8 


101     100 

10.1  10.0 
11.8  11.7 
13.5  ;  13.3 


15.2 
16.8 
33.7 
50.5 
67.3 
84.2 


15.0 
16.7 
33.3 
50.0 
66.7 
83.3 


99  1 

6 

9.9 

7 

11.6 

8 

13.2 

9 

14.9 

10 

16.5 

20 

33.0 

30 

49.5 

40 

66.0 

50 

82.5 

98 

9.8 
11.4 
13.1 
14.7 
16.3 
32.7 
49.0 
65.3 
81.7 


97 

96 

6 

9.7 

9.6 

7 

11.3 

11.2 

8 

12.9 

12.8 

9 

14.6 

14.4 

10 

16.2 

16.0 

20 

32.3 

32.0 

30 

48.5 

48.0 

40 

64.7 

64.0 

50 

80.8 

80.0 

94 

93 

6 

9.4 

9.3 

7 

n.o 

10.9 

8 

12.5 

12.4 

9 

14.1 

14.0 

10 

15.7 

15.5 

20 

31.3 

31.0 

30 

47.0 

46.5 

40 

62.7 

62.0 

50 

78.3 

77.5 

91 

9.1 
10.6 
12.1 
13.7 
15.2 


20  ;  30.3 
30    45.5 


9.5 
11.1 
12.7 
14.3 
15.8 
31.7 
47.5 
63.3 
79.2 

92 

9.2 
10.7 
12.3 
13.8 
15.3 
30.7 
46.0 
61.3 
76.7 


90  I    2 

9.0    0.2 
10.5  I  0.2 


12.0 
13.5 
15.0 
30.0 
45.0 


40    60.7    60.0 


0.3 
0.3 
0.3 
0.7 
1.0 
1.3 


50  ;  75.8    75.0  !  1.7 


P.P. 


500 


LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS. 


L.8iii. 


9.14356 
9.14445 
9.14535 
9.14624 
9.14714 


9,14808 
9.14891 
9.14980 
9.15069 
9.15157 


9.15245 
9.15333 
6.15421 
9.15508 
9.15596 


9.15683 
9.15770 
9.15857 
9.15944 
9.16030 


9.16116 
9.16203 
9.16289 
9.16374 
9.16460 
9.16545 
9.16631 
9.16716 
9.16801 
9.16886 


30 

9.16970 

31 

9.17055 

32 

9.17139 

33 

9.17223 

34 

9.17307 

35 

9.17391 

36 

9.17474 

37 

9.17558 

38 

9.17641 

39 

9.17724 

9.17807 
9.17890 
9.17973 
9.18055 
9.18187 
9.18220 
9.18302 


9.18465 
9.18547 


L.  Cos. 


d. 


L.Tang. 

9.14780 
9.14872 
9.14963 
9.16054 
9.15145 


9.15236 
9.15327 
9.15417 
9.15506 
9.15598 


9.15688 
9.15777 
9.15867 
9.15956 
9.16046 


9.16136 
9.16224 
9.16312 
9.16401 
9.16489 
9.16577 
9.16665 
9.16753 
9.16841 
9.16928 


d.  c.  L.  Ootg. 


9.19971 


0.83865 
0.83776 
0.83688 
0.83599 
0.83511 


0.80111 


0.80029 


L.  Cotg.!  d.  c.  L.Tang. 


L.COS. 


9.99675 
9.99574 
9.99572 
9.99570 
9.99568 
9.99566 
9.99565 
9.99563 
9.99561 
9.99559 


9.99557 
9.99556 
9.99554 
9.99562 
9.99550 


9.99548 
9.99546 
9.99545 
9.99543 
9.99541 


9.99537 
9.99535 


9.99532 


9.99530 
9.99528 
9.99526 
9.99524 
9.99522 
9.99520 
9.99518 
9.99517 
9.99515 
9.99513 


9.99511 
9.99509 
9.99507 
9.99505 
9.99503 


9.99484 


9.99482 
9.99480 
9.99478 
9.99476 
9.99474 


9.99472 
9.99470 
9.99468 
9.99466 
9.99464 


9.99462 


L.  Sin. 


40 


P.P. 


92 

9.2 
10.7 
12.3 
13.8 
15.3 
30.7 
46.0 
61.3 
76.7 


91    ,   90 

9.1  I    9.0 

10.6  I  10.5 

12.1  I  12,0 

13.7  13.5 

15.2  !  15.0 


ao.3 

45.5 

m.7 

76.8 


30.0 
45.0 
60.0 
75.0 


M 

6 

8.9 

7 

10.4 

8 

11.9 

9 

13.4 

10 

14.8 

20 

29.7 

30 

44.5 

40 

59.3 

50 

74.2 

87 

6 

8.7 

7 

10.2 

8 

11.6 

9 

13.1 

10 

14.5 

20 

29.0 

30 

43.5 

40 

58.0 

60 

72.6 

85 

8.5 
9.9 
11.3 
12.8 
14.2 
28.3 
42.5 
56.7 
70.8 


83 

6 

8.3 

7 

9.7 

8 

11.1 

9 

12.5 

10 

13.8 

20 

27.7 

30 

41.5 

40 

55.3 

50 

69.2 

88 

8.8 
10.3 
11.7 
13.2 
14.7 
29.3 
44.0 
58.7 
73.3 

88 

8.6 
10.0 
11.5 
12.9 
14.3 
28.7 
43.0 
57.3 
71.7 

84 

8.4 
9.8 
11.2 
12.6 
14.0 
28.0 
42.0 
56.0 
70.0 

82 

8.2 

9.6 
10.9 
12.3 
13.7 
27.3 
41.0 
54.7 


81 

80 

2 

6 

8.1 

8.0 

0.2 

7 

9.6 

9.3 

0.2 

8 

10.8 

10.7 

0.3 

9 

12.2 

12.0 

0.3 

10 

13.6 

13.3 

0.3 

20 

27.0 

26.7 

0.7 

30 

40.5 

40.0 

1.0 

40 

54.0 

53.3 

1.3 

50 

67.5 

66.7 

1.7 

P.P. 
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L-Sin. 


L.Taiig. 


0 

1 
2 
3 
4 


9.19433 
9.19513 
9.19592 
9.19672 
9.19751 


5 
6 

7 
8 
9 


9.19830 
9.19909 
9.19988 
9.20O67 
9.20145 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 


9.20223 
9.2US02 
9.20880 
9.20458 
9.20535 


9.20613 
9.20691 
9.20768 

9.20845 
9.20922 


20 
21 
22 
23 
24 


25 
26 

27 
28 
29 

30 

31 
32 
33 
34 
35 


37 


9.20999 
9.21076 
9.21153 
9.21229 
9.21306 


40 
41 
42 
43 
44 


9.21382 
9.21458 
d.21534 
9.21610 
9.21685 


9.21761 
9.21836 
9.21912 
9.21987 
9.22062 


9.22137 
9.22211 
9.22286 
9.22361 
9.22435 


9.22509 
9.22583 
9.22657 
9.22731 
9.22805 


9.22878 
9.22952 
9.23025 
9.23098 
9.23171 


9.23244 
9.23317 


9.23462 
9.23535 


9.23607 
9.23679 
9.23752 
9.23823 
9.23895 
9.23967 
L.COB. 


80 
79 
80 
79 
79 
79 
79 
79 
78 
78 
79 
78 
78 
77 
78 
78 
77 
77 
77 
77 
77 
77 
76 
77 
76 
76 
76 
76 
75 
76 
75 
76 
75 
75 
75 
74 
75 
76 
74 
74 
74 
74 
74 
74 
73 
74 
73 
73 
73 
73 
73 
73 
72 
73 
72 
72 
73 
71 
72 
72 


9.19971 
9.20053 
9.20134 
9.20216 
9.20297 


9.20378 
9.20459 
9.20540 
9.20621 
9.20701 


9.20782 
9.20862 
9.20942 
9.21022 
9.21102 


9.21182 
9.21261 
9.21341 
9.21420 
9.21499 


9.21578 
9.21657 
9.21736 
9.21814 
9.21893 


9.21971 
9.22049 
9.22127 
9.22205 
9.22283 
9.22361 
9.22438 
9.22516 
9.22593 
9.22670 


9.22747 
9.22824 
9.22901 
9.22977 
9.23054 
9.23130 
9.23206 
9.23283 
9.23359 
9.23435 


9.24261 


9.24410 
9.24484 
9.24558 
9.24632 
L.  Cotg. 


d.c. 


82 
81 
82 
81 
81 
SI 
81 
81 
80 
81 
80 
80 
80 
80 
80 
79 
80 
79 
79 
79 
79 
79 
78 
79 
78 
78 
78 
78 
78 
78 
77 
78 
77 
77 
77 
77 
77 
76 
77 
76 
76 
77 
76 
76 
75 
76 
75 
76 
75 
75 
75 
75 
75 
74 
75 
74 
75 
74 
74 
74 

i  d.c. 


L.Cotg. 


0.80029 
a79047 
0.79666 
0.79784 
0.79703 


0.79622 
0.79541 
0.79460 
0.79879 
0.79299 


0.79218 
0.79138 
0.79058 
0.78978 
0.78898 


0.78818 
0.78939 
0.78659 
0.78580 
0.78501 


0.77639 
0.77562 
0.77484 
0.77407 
0.77330 


0.77253 
0.^7176 
0.77099 
0.77023 
0.76946 


0.76870 
0.76794 
0.76717 
0.76641 
0.76565 


0.76490 
0.76414 
0.76339 
0.76263 
0.76188 


0.76113 
0.76038 
0.75963 
0.75888 
0.75814 


0.75789 
0.75665 
0.75590 
0.75516 
0.75442 
0.75868 
L.Tang. 
80** 


L-CtoB. 


9.99462 


9.99458 
9.99456 
9.99454 


9.99452 
9.99450 
9.99448 
9.99446 
9.99444 


9.99142 
9.99440 


9.99436 
9.99434 


9.99432 
9.99429 
9.99427 
9.99425 
9.99423 


9.99421 
9.99419 
9.99417 
9.99415 
9.99413 


9.99411 
9.99409 
9.99407 
9.99404 
9.99402 


9.99400 


9.99396 
9.99394 
9.99392 


9.99385 
9.99383 


9.99379 
9.99377 
9.99375 
9.99372 
9.99370 


9.99368 
9,99366 


9.99862 
9.99359 


).99357 


9.99353 
9.99351 
9. 


9.99346 
9.99344 
9.99342 
9.99340 
9.99837 
9.99385 
L.  Sin. 


40 


37 


P.P. 


82 

91 

6 

8.2 

8.1 

7 

9.6 

9.5 

8 

10.9 

10.8 

9 

12.3 

12.2 

10 

13.7 

13.5 

20 

27.3 

27.0 

30 

41.0 

40.5 

40 

54.7 

54.0 

50 

68.3 

67.5 

•80 

8.0 
9.3 
10.7 
12.0 
13.3 
26.7 
40.0 
53.3 
66.7 


78 

6 

7.9 

7 

9.2 

8 

10.5 

9 

11.9 

10 

18.2 

20 

26.3 

80 

39.5 

40 

52.7 

60 

65.8 

77 

6 

7.7 

7 

9.0 

8 

10.3 

9 

11.6 

10 

12.8 

20 

25.7 

80 

38.5 

40 

51.3 

60 

64.2 

76 

6 

7.5 

7 

8.8 

8 

10.0 

9 

11.3 

10 

12.5 

20 

25.0 

30 

37.5 

40 

50.0 

50 

62.5 

73 

6 

7.3 

7 

8.5 

8 

9.7 

9 

11.0 

10 

12.2 

20 

24.3 

30 

86.5 

40 

4a7 

50 

60.8 

78 

7.8 
9.1 
10.4 
11.7 
13.0 
26.0 
89.0 
52.0 
65.0 

78 

7.6 
8.9 
10.1 
11.4 
12.7 
25.3 
38.0 
50.7 
63.3 

74 

7.4 
8.6 
9.9 
11.1 
12.3 
24.7 
37.0 
49.3 
61.7 

72 

7.2 
8.4 
9.6 
10.8 
12.0 
24.0 
36.0 
48.0 
60.0 


71 

3 

6 

7.1 

0.3 

7 

8.3 

0.4 

8 

9.5 

0.4 

9 

10.7 

0.5 

10 

11.8 

0.5 

20 

23.7 

1.0 

30 

35.5 

1.5 

40 

47.8 

2.0 

50 

59.2 

2.5 

2 

0.2 
0.2 
0.3 
0.3 
0.3 
0.7 
1.0 
1.3 
1.7 


P.P. 
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10° 


72 
71 
71 
72 
71 
71 
71 
70 
71 
70 
71 
70 
70 
70 
70 
70 
70 
69 
70 


68 
68 
68 
68 
67 
68 
67 
67 
67 
67 
67 
67 
67 
66 
67 
66 
67 
66 
66 
66 
66 
65 
66 
66 
65 
65 
66 
65 
65 


L^ang. 
9.24632 
9.24706 
9.24779 
9.24853 
9.24926 


1  d.  c. 


9.25000 
9,25073 
9.25146 
9.25219 
9.25292 


9.25365 
9J25437 
9.25510 
9.25582 
9.25655 


9.25727 
9.25799 
9.25871 
9.25943 
9.26015 


9.26158 
9.26229 
9.26301 
9.26372 


9.26443 
9.26514 
9:26585 
9.26655 
9.26726 


9.26797 
9.26867 
9.26937 
9.27008 
9.27078 


9.27148 
9.27218 
9.27288 
9.27357 
9.27427 


9.28186 
9.28254 


9^28459 
9.28527 
9.28595 
9.28662 
9.28730 
9.28798 
9.28865 
L.  Cotg. 


74 
73 
74 
73 
74 
73 
73 
73 
73 
73 
72 
73 
72 
73 
72 
72 
72 
72 
72 
71 
72 
71 
72 
71 
71 
71 
71 
70 
71 
71 
70 
70 
71 
70 
70 
70 
70 
69 
70 
69 
70 


69 
69 
69 
69 
69 
68 
69 
68 
69 
68 
68 
68 
68 
67 
68 
68 
67 

dTc: 


L.  Cotg. 


0.75368 
0.75294 
0.75221 
0.75147 
0.75074 


0.75000 
0.74927 
0.74854 
0.74781 
0.74708 


0.74635 
0.74563 
0.74490 
0.74418 
0.74345 


0.74273 
0.74201 
0.74129 
0.74057 
0.73985 


0.73914 
0.73842 
0.73771 
0.73699 
0.73628 


0.73657 
0.73486 
0.73415 
0.73345 
0.73274 


0.73203 
0.73133 
0.73063 
0.72992 
0.72922 


0.72852 
0.72782 
0.72712 
0.72643 
0.72573 


0.72504 
0.7-2434 
0.72365 
0.72296 
0.72227 


0.72158 
0.72089 
0.72020 
0.71951 
0.71883 


0.71814 
0.71746 
0.71677 
0.71609 
0.71641 


0.71473 
0.71405 
0.71338 
0.71270 
0.71202 
0.71135 
L.Tang. 
790 


L.  Ck)8. 


9.99331 


9.99326 


9.99324 
9.99322 
9.99319 
9.99317 
9.99315 


9.99313 
9.99310 
9.99308 
9.99306 
9.99304 


9.99301 
9.99299 
9.99297 
9.99294 
9.99292 


9.99290 
9.99288 
9.99285 
9.99283 
9.99281 


9.99278 
9.99276 
9.99274 
9.99271 
9.99269 


9.99267 
9.99264 
9.99262 
9.99260 
9.99257 


9.99255 
9.99262 
9.99250 
9.99248 
9.99245 


9.99243 
9.99241 
9.99238 
9.99236 
9.99233 


9.99231 
9.99229 
9.99226 
9.99224 
9.99221 


9.99219 
9.99217 
9.99214 
9.99212 
9.99209 


L.  Sin. 


40 


37 


P.P. 


74 

73 

6 

7.4 

7.3 

7 

8.6 

8.5 

8 

9.9 

9.7 

9 

11.1 

11.0 

10 

12.3 

12.2 

20 

24.7 

24.3 

30 

37.0 

36.5 

40 

49.3 

48.7 

60 

61.7 

60.8 

72 

71 

6 

7.2 

7.1 

7 

8.4 

8.3 

8 

9.6 

9.5 

9 

10.8 

10.7 

10 

12.0 

11.8 

20 

24.0 

23.7 

80 

36.0 

35.5 

40 

48.0 

47.3 

60 

60.0 

69.2 

70 

6 

7.0 

7 

8.2 

8 

9.3 

9 

10.5 

10 

11.7 

20 

23.3 

30 

35.0 

40 

46.7 

50 

58.3 

68 

6 

6.8 

7 

7.9 

8 

9.1 

9 

10.2 

10 

11.3 

20 

22.7 

30 

34.0 

40 

45.3 

60 

56.7 

66 

6 

6.6 

7 

7.7 

8 

8.8 

9 

9.9 

10 

11.0 

20 

22.0 

30 

33.0 

40 

44.0 

60 

56.0 

3 

6 

0.3 

7 

0.4 

8 

0.4 

9 

0.5 

10 

0.5 

10 

1.0 

90 

1.5 

40 

2.0 

50 

2.5 

69 

6.9 
8.1 
9.2 
10.4 
11.5 
23.0 
34.5 
46.0 
57.5 

67 

6.7 
7.8 
8.9 
10.1 
11.2 
22.3 
33.6 
44.7 
55.8 

6S 

6.5 

7.6 

8.7 

9.8 

10.8 

21.7 

32.6 

43.3 

54.2 

I 

0.2 
0.2 
0.3 
0.3 
0.3 
0.7 
1.0 
1.3 
1.7 


P.P. 
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11° 


503 


78° 


LOQARITHMS  OF  TBIGONOMSTBJC  FUNCTIONS. 
12^ 


58 
68 
50 
58 
58 
58 
58 
58 
58 
58 
67 
58 
57 
58 
57 
57 
58 
57 
57 
67 
56 
57 
67 
57 
56 
57 
56 
56 
57 
56 
56 
56 
56 
56 
56 
55 
56 
55 
56 
55 
56 
55 
55 
55 
66 
55 
55 
55 
55 


L/Tang. 
9.32747 
9.82810 
9.32872 
9.32983 
9.32995 
9.33057 
9.33119 
9.33180 
9.33242 
9.33303 


9.34276 
9.34336 
9.343% 
9.34456 
9.34516 


9.35170 
9.35229 
9.35288 
9.35347 
9.35405 


9.35464 
9.35523 
9.36581 
9.35640 
9.35698 


9.35757 
9.35815 
9.35873 
9.35931 
9.35989 
9.36047 
9.36105 
9.36163 
9.36221 
9.36279 


9.36336 


L.  Cotg. 


d.  c. 


59 
59 
69 
58 
59 
59 
58 
59 
58 
59 
58 
58 
68 
68 
68 
68 
68 
58 
58 
57 

~d7c. 


L.  Cotg. 

"0:5^53 
0.67190 
0.67128 
0.67067 
0.67005 


0.( 

0. 

0.1 

0,66758 

0.66697 


0.( 

0.66574 

0.66513 

0.66452 

0.66391 


0.( 

0.1 

0.66208 

0.66147 

0.66087 


0.66026 
0.65966 
0.65905 
0.65845 
0.66785 


0.66724 
0.65664 
0.65604 
0.65544 
0.65484 


0.65424 
0.65366 
0.65305 
0.65245 
0.65186 


0.65126 
0.65067 
0.65008 
0.64949 
0.1 


0.64830 
a64771 
0.64712 
0.64653 
0.64595 


0.64536 
0.64477 
0.64419 
0.64360 
0.64302 


0.64243 
0.64185 
0.64127 
0.64069 
0.64011 


0.63953 
0.63895 
0.68837 
0.68779 
0.63721 
0.63664 


L.Tang. 
77** 


L.COB. 


9.99040 
9.99038 
9.99035 
9.99032 


9.99027 
9.99024 
9.99022 
9.99019 
9.99016 
9.99013 
9.99011 
9.99008 
9.99005 
9.99002 


9.99000 
9.98997 
9.98994 
9.98991 
9.98989 


9.98986 
9.98983 
9.98960 
9.98978 
9.98975 


9.98972 
9.98969 
9.98967 
9.98964 
9.98961 


9: 

9.98955 

9.98953 

9.98950 

9.98947 


9.98944 
9.98941 

9.1 


9.98930 
9.98927 
9.98924 


9.98919 


9.98916 


9.98910 
9.96907 
9.98904 


9.1 

9.98884 

9.98881 

9.98878 

^^98875 

^98872 

L.  Sin. 


31 


P.P. 


63 

6 

6.3 

7 

7.4 

8 

8.4 

9 

9.5 

10 

10.6 

20 

21.0 

30 

31.5 

40 

42.0 

50 

52.6 

61 

6 

6.1 

7 

7.1 

8 

8.1 

9 

9.2 

10 

10.2 

20 

20.3 

30 

30.5 

40. 

40.7 

50 

50.8 

62 

6.2 

7.2 

8.3 

9.3 

10.3 

20.7 

31.0 

41.3 

61.7 

eo 

6.0 
7.0 
&o 
9.0 
10.0 
20.0 

30.0 
40.0 
50.0 


58 

6.9 

6.9 

7.9 

8.9 

9.8 

19.7 

29.6 

39.3 

49.2 


58 

5.8 
6.8 
7.7 
8.7 
9.7 
19.3 
29.0 
38.7 
48.3 

56 
5.6 
6.5 
7.5 

8.4 
9.3 
18.7 
28.0 
37.3 
46.7 


3 

6 

0.3 

7 

0.4 

8 

0.4 

9 

0.5 

10 

a6 

20 

1.0 

SO 

1.5 

40 

2.0 

50 

2.5 

57 

5.7 

6.7 

7.6 

8.6 

9.5 

19.0 

28.5 

3&0 

47.5 

55 

5.5 

6.4 

7.3 

&3 

9.2 

18.3 

27.5 

36.7 

45.8 

Z 

0.2 
0.2 
0.3 
0.3 
0.3 

a? 
1.0 
1.3 

1.7 


p.p. 


LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS. 
13° 


505 


L.  Sin,      d.     L.Tang. 


9.35209 
9.35263 
9.35318 
9.35373 
9.35427 


9.35481 
9.35636 
9.35590 
9.35644 
9.35698 


10  I  9.35752 

11  I  9.35806 
9.35860 
9.35914 
9.35968 


9.36022 
9.36075 
9.36129 
9.36182 
9.36236 


9.36289 
9.36312 
9.36395 
9.36449 
9.36502 


9.36555 
9.36608 
9.36660 
9.36713 
9.36766 


9.36819 
9.36871 
9.36924 
9.36976 
9.37028 


9.37081 
9.37133 
9.37185 
9.37237 
9.87289 


9.37341 
9.37393 
9.37445 
9.87497 
9.37549 


9.37600 
9.37652 
9.37703 
9.37755 
9.37606 


9.37858 
9.37909 
9.37960 
9.380U 
9.38062 


9.88113 
9.88164 
9.38215 
9.88266 
9.38317 


I  L.  Cos. 


54 
55 
55 
M 
54 
65 
64 
54 
54 
54 
54 
54 
54 
54 
54 
53 
64 
63 
64 
63 


d. 


9.36452 
9.36509 
9.36566 


9.36624 
9.36681 
9.36738 
9.36795 
9.36852 


9.36966 
9.37023 
9.37080 
9.37137 


9.37193 
9.37250 
9.37306 
9.37363 
9.37419 
9.37476 
9.37532 
9.37588 
9.37644 
9.37700 


9.37756 
9.37812 
9.37868 
9.37924 
9.37980 


9.38035 
9.38091 
9.38147 
9.38202 
9.38257 


9.38313 
9.38368 
9.38423 
9.38479 
9.38534 


9.38589 
9.38644 
9.38699 
9.38754 
9.38808 


9.38863 
9.38918 
9.38972 
9.39027 
9.39082 


9.39136 
9.39190 
9.39245 
9.39299 
9.39353 


9.39407 
9.39461 
9.39515 


9.39623 


9.39677 


L.  Cotg. 


d.  c.  L.  Cotg. 


58 
58 
57 
57 
58 
67 
57 
57 
57 
67 
67 
57 
67 
57 
56 
57 
56 
57 
66 
57 
56 
56 
66 
56 
56 
56 
66 
56 
66 
55 
56 
56 
55 
55 
56 
55 
55 
56 
55 
55 
55 
56 
55 
54 
55 
55 
54 
55 
55 
54 
54 
55 
54 
54 
54 
54 
54 
54 
54 
54 


d.  c. 


a63664 
0.63606 
0.63548 
0.63491 
0.63434 


0.63376 
0.63319 
0.63262 
0.63205 
0.( 


0.63091 

0.63034 

0.62977 

0.( 

0.( 


0.< 

0.62760 

0.62694 

0.62637 

0.62581 


0.62624 
0.62468 
0.62412 
0.62356 
0.62300 


0.62244 
0.62188 
0.62132 
0.62076 
0.62020 


0.61965 
0.61909 
0.61853 
0.61798 
0.61743 


0.61687 
0.61632 
0.61577 
0.61521 
0.61466 


0.61411 
0.61356 
0.61301 
0.61246 
0.61192 


0.61137 
0.61082 
0.61028 
0.60973 
0.60918 


0.60864 
0.60810 
0.60755 
0.60701 
0.60647 


0.60593 
0.60539 
0.60485 
0.60431 
0.60377 


0.60323 


L.Tang. 


L.C08. 


9.98872 
9.98869 
9.98867 
9.98864 
9.98861 
"9.98858 
9.98855 
9.98852 
9.98849 
9.98846 


9.98843 
9.98840 
9.98837 
9.98834 
9.98831 


9.98828 
9.98825 
9.98822 
9.98819 
9.98816 


9.98813 
9.98810 
9.98807 
9.96804 
9.98801 
9.98798 
9.98795 
9.98792 
9.96789 
9.98786 


9.98780 
9.98777 
9.98774 
9.98771 


9.98768 
9.98765 
9.98762 
9.98759 
9.98756 


9.98753 
9.98750 
9.98746 
9.98748 
9.98740 


9.98737 
9.98734 
9.98731 
9.98728 
9.98725 


9.987-22 
9.98719 
9.98715 
9.98712 
9.98709 


9.98706'  5 
9.98703  4 
9.98700  3 
9.98697  2 
1 


9^8690 
L.  Sin. 


51 


50 


P.P. 


sa 

57 

6 

5.8 

5.7 

7 

6.8 

6.7 

8 

7.7 

7.6 

9 

8.7 

8.6 

10 

9.7 

9.5 

20 

19.3 

19.0 

30 

29.0 

28.5 

40 

38.7 

38.0 

60 

48.8 

47.5 

56 

55 

6 

5.6 

5.5 

7 

6.5 

6.4 

8 

7.5 

7.3 

9 

8.4 

8.3 

10 

9.3 

9.2 

20 

18.7 

18.3 

30 

28.0 

27.5 

40 

37.3 

36.7 

60 

46.7 

45.8 

54 

6 

5.4 

7 

6.3 

8 

7.2 

9 

8.1 

LO 

9.0 

20 

lao 

30 

27.0 

40 

36.0 

50 

45.0 

53 

6 

5.3 

7 

6.2 

8 

7.1 

9 

8.0 

10 

8.8 

20 

17.7 

30 

26.5 

40 

35.3 

50 

44.2 

51 

6 

5.1 

7 

6.0 

8 

6.8 

9 

7.7 

10 

8.5 

20 

17.0 

80 

25.5 

40 

34.0 

50 

42.5 

3 

6 

0.3 

7 

0.4 

8 

0.4 

9 

0.5 

10 

0.5 

20 

1.0 

30 

1.5 

40 

2.0 

50 

2.5 

52 

5.2 

6.1 

6.9 

7.8 

8.7 

17.3 

26.0 

34.7 

43.3 

4 

0.4 
0.5 
0.5 
0.6 
0.7 
1.3 
2.0 
2.7 
3.3 

2 

0.2 
0.2 
0.3 
0.3 
0.3 
0.7 
1.0 
1.3 
1.7 


P.P. 


LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS. 
14° 


50 
61 
50 
51 
50 
50 
51 
50 
50 
50 
50 
50 
50 
50 
50 
49 
50 
50 
49 
60 
49 
49 
50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
48 
49 
48 
49 
48 
49 
48 
49 
48 
48 
48 
48 
48 
48 
48 
48 
48 
47 
48 
48 
47 
48 
47 
48 
47 
47 
47 
48 


d. 


L.Tang.j  d.  c. 


9.39677 
9.39731 
9.39785 
9.39838 
9.39892 


9.89999 
9.40052 
9.40106 
9.40159 


9.42041 
9.42093 
9.42144 
9.42195 
9.42246 


9.42297 
9.42348 
9.42399 
9.42450 
9.42501 


9.42552 
9.42603 
9.42653 
9.42704 
9.42756 


9.42805 


54 
64 
63 
64 
63 
54 
53 
54 
63 
63 
54 
63 
63 
63 
63 
63 
63 
62 
53 
53 
63 
52 
63 
62 
63 
62 
62 
62 
63 
52 
62 
52 
62 
62 
52 
52 
51 
52 
62 
51 
62 
61 
62 
61 
61 
52 
51 
61 
51 
51 
51 
51 
61 
61 
61 
51 
50 
51 
51 
50 


L.  Cotg.j  d.  c. 


L.  Cotg. 
0.60323 
0.60269 
0.60215 
0.60162 
0.60108 


0.60056 
0.60001 
0.59948 
0.59894 
0.59841 


0.59788 
0.59734 
0.59681 
0.69628 
0.59576 


0.59522 
0.59469 
0.59416 
0.59364 
0.593J1 
0.59258 
0.59205 
0.59163 
0.69100 
0.69048 


0.68996 
0.68943 
0.68891 
0.58839 
0.58786 


0.58734 
0.68682 
0.58630 
0.58578 
0.58526 
0.58474 
0.58422 
0.58371 
0.58319 
0.58267 


0.58216 
0.58164 
0.58113 
0.58061 
0.58010 


0.57959 
0.57907 
0.57856 
0.57805 
0.57754 
0.57703 
0.57652 
0.57601 
0.57550 
0.57499 


0.57448 
0.57397 
0.57347 
0.57296 
0.57245 


0.57195 


L.Tang. 


L.Ck)8. 


9.98690 
9.98687 
9.98684 


9.98678 


9.98675 
9.98671 


9.98665 
9.98662 


9.98669 
9.98656 
9.98652 


9.98646 


9.98643 
9.98640 
9.98636 


9.98630 


9.98627 
9.98623 
9.98620 
9.98617 
9.98614 


9.98610 


9.98601 
9.98597 


9.98594 
9.98591 
9.98588 
9.98584 
9.98581 
9.98578 
9.98574 
9.98571 
9.98568 
9.98565 


9.98561 
9.98558 
9.98555 
9.98551 
9.98548 


9.98545 
9.98541 
9.98538 
9.98535 
9.98531 


9.98528 
9.98525 
9.98521 
9.98518 
9.98515 


9.98511 
9.98508 
9.98505 
9.98501 
9.98498 
9.98494 
L.  Sin. 


P.P. 


54 

6 

5.4 

7 

6.3 

8 

7.2 

9 

8.1 

10 

9.0 

20 

18.0 

30 

27.0 

40 

36.0 

50 

45.0 

52 

6 

5.2 

7 

6.1 

8 

6.9 

9 

7.8 

10 

8.7 

20 

17.3 

30 

26.0 

40 

34.7 

50 

43.3 

50 

6 

6.0 

7 

5.8 

8 

6.7 

9 

7.5 

10 

8.3 

20 

16.7 

30 

•25.0 

40 

33.3 

50 

41.7 

48 

6 

4.8 

7 

6.6 

8 

6.4 

9 

7.2 

10 

8.0 

20 

16.0 

30 

24.0 

40 

32.0 

50 

40.0 

4 

6 

0.4 

7 

0.5 

8 

0.5 

9 

0.6 

10 

0.7 

20 

1.3 

30 

2.0 

40 

2.7 

50 

3.8 

P.P. 


LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS. 
15° 


L.  Sin. 


9.41300 
9.41347 
9.41394 
9.41441 

9.41488 


9.41536 
9.41582 
9.41628 
9.41676 
9.41722 
9.41768 
9.41815 
9.41861 
9.41908 
9.41954 


9.42001 
9.42047 
9.42093 
9.42140 
9.42186 


9.42232 
9.42278 
9.42324 
9.42370 
9.42416 


9.42461 
9.42507 
9.42553 
9.42599 
9.42644 


9.42690 
9.42735 
9.42781 
9.42826 
9.42872 


9.42917 
9.42962 
9.43008 
9.43053 
9.43098 


9.43143 
9.43188 
9.43233 
9.43278 
9.43323 


9.43412 
9.43457 
9.43502 
9.43546 


9.43591 
9.43635 
9.43680 
9.43724 
9.43769 


9.43813 
9.43857 
9.43901 
9.43946 
9.43990 


9.44034 
L.  Cos. 


47 
47 
47 
47 
47 
47 
46 
47 
47 
46 
47 
46 
47 
46 
47 
46 
46 
47 
46 
46 
46 
46 
46 
46 
45 
46 
46 
46 
45 
46 
45 
46 
45 
46 
45 

45 
46 
45 
45 
45 
45 
45 
45 
45 
44 
45 
45 
45 
44 
46 
44 
46 
44 
46 
44 
44 
44 
45 
44 
44 


9.43308 
9.43358 
9.43408 
9.43458 
9.43508 


9.43558 
9.43607 
9.43657 
9.43707 
9.43756 
9.43806 
9.43855 
9.43905 
9.43954 
9.44004 
9.44053 
9.44102 
9.44151 
9.44201 
9.44250 


9.44299 
9.44348 
9.44397 
9.44446 
9.44495 


9.44544 
9.44592 
9.44641 
9.44690 
9.44738 


9.44787 
9.44836 
9.44884 
9.44933 
9.44981 


9.45029 
9.45078 
9.45126 
9.45174 
9.45222 


9.45271 
9.45319 
9.45367 
9.45415 
9.45463 


9.45511 
9.45559 
9.45606 
9.45654 
9.45702 
9.45750 
d; L.  Cotg. 


d.c. 


51 
50 
51 
50 
50 
51 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
50 
60. 
49 
50 
49 
50 
49 
50 
49 
49 
49 
50 
49 
49 
49 
49 
49 
49 
49 
48 
49 
49 
48 
49 
49 
48 
49 
48 
48 
49 
48 
48 
48 
49 
48 
48 
48 
48 
48 
48 
47 
48 
48 
48 

dTc: 


L.  Cotg. 


0.57195 
0.57144 
0.57094 
0.57043 
0.56993 


0.56943 
0.56892 
0.56842 
0.56792 
0.56742 


0.56692 
0.56642 
0.56592 
0.56542 
0.56492 


0.56442 
0.56393 
0.56343 
0.56293 
0.56244 


0.56194 
0.56145 
0.56095 
0.56046 
0.55996 


0.55947 
0.55898 
0.55849 
0.55799 
0.55750 


0.55701 
0.55652 
0.55603 
0.55554 
0.55505 
0.55456 
0.55408 
0.55359 
0.55310 
0.55262 


0.55213 
0.55164 
0.55116 
0.55067 
0.55019 


0.54971 
0.54922 
0.54874 
0.54826 
0.54778 


0.54729 
0.54681 
0.54633 
0.54585 
0.54537 


0.54489 
0.54441 
0.54394 
0.54346 
0.54298 


0.54250 
L.Tang. 


L.  Cos. 


9.98494 
9.98491 


9.98484 
9.98481 
9.98477 
9.98474 
9.98471 
9.98467 
9.98464 


9.98457 
9.98453 
9.98450 
9.98447 


9.98443 
9.98440 
9.98436 
9.98433 
9.98429 


9.98426 
9.98422 
9.98419 
9.98415 
9.98412 


9.98409 
9.98405 
9.98402 
9.98398 
9.! 


9.98391 


9.98384 
9.98381 
9.98377 
9.98373 
9.98370 
9.98366 


9.98359 


9.98352 
9.98349 
9.98345 


9.98334 
9.98331 
9.98327 


9.98320 
9.98317 
9.98313 


9.98302 


9.98295 
9.98291 


9.98284 
L.  Sin. 


d. 


51 

6 

6.1 

7 

6.0 

8 

6.8 

9 

7.7 

10 

8.5 

20 

17.0 

30 

25.5 

40 

34.0 

50 

42.5 

49 

6 

4.9 

7 

5.7 

8 

6.5 

9 

7.4 

10 

8.2 

20 

16.3 

30 

24.5 

40 

32.7 

50 

40.8 

47 

6 

4.7 

7 

5.6 

8 

6.3 

9 

7.1 

10 

7.8 

20 

15.7 

30 

23.5 

40 

31.3 

50 

39.2 

45 

6 

4.5 

7 

5.3 

8 

6.0 

9 

6.8 

10 

7.5 

20 

15.0 

30 

22.5 

40 

30.0 

50 

37.5 

4 

6 

0.4 

7 

0.5 

8 

0.5 

9 

0.6 

10 

0.7 

20 

1.3 

30 

2.0 

40 

2.7 

50 

3.3 
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16°  


20 

21 

22 
23 
24 
25 
26 
27 
28 
29^ 

30 

31 
32 
33 
3£ 
35 
36 
37 
38 


40 

41 
42 
43 
44 
45 
46 
47 
48 
49 

50 

51 
52 
53 
54 


L.Sin. 


9.44034 
9.44078 
9.44122 
9.44166 
9.44210 
9.44253 
9.44297 
9.44341 
9.44385 
9.44428 


9.44472 
9.44516 
9.44559 
9.44602 
9.44646 


9.44689 
9.44733 
9.44776 
9.44819 
9.44862 


9.45M7 
9.45589 
9.45632 
9.45674 
9.45716 


9.45758 
9.45801 
9.45843 
9.458a5 
9.4ri927 


9.4^)969 
9.46011 
9.46053 
9.46095 
9.46136 


9.46178 
9.46220 
9.46262 
9.46303 
9.46345 


9.46386 
9.46428 
9.46469 
9.46511 
9.46552 


9.46594 
L.  Cos. 


44 
44 
44 
44 

43 
44 
44 
44 
43 
44 
44 
43 
43 
44 
48 
44 
43 
43 
43 
43 
43 
44 
43 
42 
43 
43 
43 
43 
43 
42 
43 
42 
43 
42 
43 
42 
43 
42 
42 
42 
43 
42 
42 
42 
42 
42 
42 
42 
41 
42 
42 
42 
41 
42 
41 
42 
41 
42 
41 
42 


d. 


L.Tang. 


9.45750 
9.45797 
9.45845 
9.45892 
9.45940 


9.45987 
9.46035 
9.46082 
9.46130 
9.46177 


9.46224 
9.46271 
9.46319 
9.46366 
9.46413 


9.46460 
9.46507 
9.46554 
^.46601 
9.46648 


9.46694 
9.46741 
9.46788 
9.46835 
9.46881 


9.46928 
9.46975 
9.47021 
9.47068 
9.47114 


9.47160 
9.47207 
9.47253 
9.47299 
9.47346 


9.47392 
9.47438 
9.47484 
9.47530 
9.47576 


9.47622 
9.47668 
9.47714 
9.47760 
9.47806 


9.48307 
8.48353 
9.48398 
9.48443 
9.48489 


9.48534 


L.  Cotg. 


d.  c. 


47 
48 
47 
48 
47 
48 
47 
48 
47 
47 
47 
48 
47 
47 
47 
47 
47 
47 
47 
46 
47 
47 
47 
46 
47 
47 
46 
47 
46 
46 
47 
46 
46 
47 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
45 
46 
46 
46 
45 
46 
45 
46 
45 
45 
46 
45 
45 
46 
45 


d.  c. 


L.  Cotg. 


0.54250 
0.54203 
0.54155 
0.54108 
0.54060 


0.54013 
0.53965 
0.53918 
0.63870 

o.r 


0.63776 
0.53729 
0.63681 
0.53634 
0.53587 


0.53540 
0.53493 
0.63446 
0.53399 
0.63362 


0.63306 
0.53259 
0.53212 
0.53165 
0.53119 


0.53072 
0.63025 
0.52979 
0.62932 
0. 


0.52810 
0.52793 
0.52747 
0.62701 
0.62654 


0.62608 
0.52562 
0.52516 
0.52470 
0.52424 


0.62378 
0.52332 
0.52286 
0.62240 
0.52194 


0.52148 
0.52103 
0.52057 
0.52011 
0.51965 


0.51920 
0.51874 
0.51829 
0.51783 
0.51738 


0.51693 
0.51647 
0.51602 
0.51557 
0.51511 


0.51466 


L.Tang. 
73© 


L.  Cos.  d. 


9.98284 
9.98281 
9.98277 
9.98273 
9.96270 


9.98266 
9.98262 
9.98259 
9.98255 
9.96251 


9.98248 
9.96244 
9.98240 
9.96237 
9.96233 


9.96229 
9.98226 
9.96222 
9.98218 
9.98215 


9.98211 
9.98207 
9.98204 
9.98200 
9.98196 


9.96192 
9.98189 
9.98185 
9.98181 
9.98177 


9.98174 
9.96170 
9.96166 
9.96162 
9.96159 


9.98155 
9.98151 
9.98147 
9.96144 
9.98140 


9.98136 
9.98132 
9.98129 
9.98125 
9.98121 


9.98117 
9.98113 
9.96110 
9.96106 
9.96102 


9.98098 
9.98094 


9.98087 
9.98083 


9.98079 
9.98075 
9.98071 
9.98067 
9.98063 


L.  Sin.  d. 


48 

*1  1 

6 

4.8 

4.71 

7 

5.6 

5.51 

8 

6.4 

6.31 

9 

7.2 

7.1 1 

10 

8.0 

7.8  1 

20 

16.0 

15.7  n 

30 

24.0 

23.511 

40 

32.0 

31.3  H 

60  1 

40.0 

39^2  1 

6 

4.6 

7 

5.4 

8 

6.1 

9 

6.9 

10 

7.7 

20 

15.3 

80 

23.0 

40 

30.7 

60 

38.3 

1  ao./ 
42 

dO.0 

4( 

4.2 

4.1 

4.9 

4.8 

5.6 

5.5 

6.3 

6.2 

7.0 

6.8 

14.0 

18.7 

21.0 

20.5 

28.0 

27.3 

35.0 

34.2 

4 

3 

6 

0.4 

0.3 

7 

0.5 

0.4 

6 

0.5 

0.4 

9 

0.6 

0.5 

10 

0.7 

0.5 

20 

1.3 

1.0 

80 

2.0 

1.5 

40 

2.7 

2.0 

60 

3.3 

2.5 

LOGARfTHMS  OF  TRIGONOMETRIC  FUNCTIONS. 
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509 


L.  Sin. 


9.46594 
9.46635 
9.46676 
9.46717 
9.46758 


9.46800 
9.46841 
9.46882 
9.46923 
9.46964 


9.47005 
9.47045 

9.47086 
9.47127 
9.47168 


9.47209 
9.47249 
9.47290 
9.47330 
9.47371 


9.47411 
9.47452 
9.47492 
9.47533 
9.47573 
9.47613 
9.47654 
9.47694 
9.47734 
9.47774 


9.47814 
9.47854 
9.47894 
9.47934 
9.47974 


9.48014 
9.48054 
9.48094 
9.48133 
9.48173 


9.48213 
9.48252 
9.48292 
9.48382 
9.48371 


9.48411 
9.48450 
9.48490 
9.48529 
9.48568 


9.48607 
9.48647 
.9.48686 
9.48725 
9.48764 


9.48803 
9.48842 
"9.48881 
9.48920 
9.48959 


9.48998 


L.  Cos. 


d. 


41 
41 
41 
41 
42 
41 
41 
41 
41 
41 
40 
41 
41 
41 
41 

40 
41 
40 
41 
40 
41 
40 
41 
40 
40 
41 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
39 
40 
40 
39 
40 
40 
39 
40 


40 


L.Tang. 


9.48534 
9.48579 
9.48624 
9.48669 
9.48714 


9.48759 
9.48804 


9.48984 
9.49029 
9.49073 
9.49118 
9.49163 


9.49207 
9.49252 
9.49296 
9.49341 
9.49385 


9.49430 
9.49474 
9.49519 
9.49563 
9.49607 


9.49652 
9.49696 
9.49740 
9.49784 
9.49828 


9.49872 
9.49916 
9.49960 
9.50004 
9.50048 


9.50092 
9.50136 
9.50180 
9.50223 
9.50267 


9.50311 
9.50355 
9.50398 
9.50442 
9.50485 


9.50529 
9.50572 
9.50616 
9.50659 
9.50703 


9.50746 
9.50789 
9.50833 
9.50876 
9.50919 


9.50962 
9.51005 
9.51048 
9.51092 
9.51135 


9.51178 
L.  Cotg. 


d.c. 


45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
44 
45 
45 
44 
45 
44 
45 
44 
45 
44 
45 
44 
44 
45 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
43 
44 
44 
44 
43 
44 
43 
44 
43 
44 
43 
44 
43 
43 
44 
43 
43 
43 
43 
43 
44 
43 
43 


d.c. 


L.  Cotg. 


0.51466 
0.51421 
0.51376 
0.51331 
0.51286 


0.51241 
0.51196 
0.51151 
0.51106 
0.61061 


0.51016 
0.50971 
0.50927 
0.60882 
0.50837 


0.60793 
0.50748 
0.50704 
0.50659 
0.50615 
0.50570 
0.50526 
0.50481 
0.50437 
0.50393 
0.50348 
0.50304 
0.50260 
0.60216 
0.60172 


0.50128 
0.50084 
0.50040 
0.49996 
0.49952 


0.49908 
0.49864 
0.49820 
0.49777 
0.49733 


0.49689 
0.49645 
0.49602 
0.49558 
0.49515 


0.49471 
0.49428 
0.49384 
0.49341 
0.49297 


0.48822 


L.Tang. 


L.  Gob. 


9.98060 
9.98056 
9.98052 
9.98048 
9.98044 


9.96040 


9.98029 
9.98025 


9.98021 
9.98017 
9.98013 


9.98005 


9.98001 
9.97997 
9.97993 
9.97989 
9.97986 


9.97982 
9.97978 
9.97974 
9.97970 
9.97966 
9.97962 
9.97958 
9.97954 
9.97950 
9.97946 


9.97942 
9.97938 
9.97934 
9.97930 
9.97926 


9.97922 
9.97918 
9.97914 
9.97910 
9.97906 


9.97821 


L.  Sin. 


P.P. 


45 

44 

6 

4.5 

4.4 

7 

6.3 

5.1 

8 

6.0 

5.9 

9 

6.8 

6.6 

10 

7.5 

7.3 

20 

15.0 

14.7 

30 

22.5 

22.0 

40 

80.0 

29.3 

50 

87.6 

36.7 

43 

4.3 
6.0 
6.7 
6.5 
7.2 
14.3 
21.6 
28.7 
35.8 


42 

6 

4.2 

7 

4.9 

8 

6.6 

9 

6.3 

10 

7.0 

20 

14.0 

30 

21.0 

40 

28.0 

60 

35.0 

40 

6 

4.0 

7 

4.7 

8 

5.3 

9 

6.0 

10 

6.7 

20 

13.3 

80 

20.0 

40 

26.7 

50 

33.3 

5 

4 

6 

0.5 

0.4 

7 

0.6 

0.5 

8 

0.7 

0.5 

9 

0.8 

0.6 

10 

0.8 

0.7 

20 

1.7 

1.3 

30 

2.5 

2.0 

40 

3.3 

2.7 

50 

4.2 

3.3 

41 
4.1 
4.8 
6.5 
6.2 
6.8 
13.7 
20.5 
27.3 
34.2 


39 

3.9 
4.6 
5.2 
5.9 
6.5 
13.0 
19.5 
26.0 
32.5 


3 

0.3 
0.4 
0.4 
0.5 
0.5 
1.0 
1.5 
2.0 
2.5 


P.P. 
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18« 


20 

21 
22 
23 
24 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 


40 
41 
42 
43 

44 


50 

51 
52 
53 
5£ 
55 
56 
57 
58 


L.  Sin. 


9.49037 
9.49076 
9.49115 
9.49153 


9.49192 
9.49231 
9.49269 
9.49308 
9.49347 
9.49385 
9.49424 
9.49462 
9.49500 
9.49539 


9.49577 
9.49615 
9.49654 
9.49692 
9.49730 


9.49768 
9.49806 
9.49844 
9.49882 
9.49920 
9.49958 
9.49996 
9.50034 
9.50072 
9.50110 


9.50148 
9.50185 
9.50223 
9.50261 
9.50298 
9.50336 
9.50374 
9.50411 
9.50449 
9.50486 


9.50523 
9.50561 
9.50598 
9.60635 
9.50673 


9.50710 
9.50747 
9.50784 
9.50821 
9.50858 


9.50896 
9.50933 
9.50970 
9.51007 
9.51043 
9.51080 
9.51117 
9.51154 
9.51191 
9.51227 
9.51264 
L.  Cos. 


d. 


38 
39 
39 
38 
39 
39 
38 
39 
38 
38 


38 


38 


38 
38 
38 
37 
38 
38 
37 
38 
38 
37 
38 
37 
37 
38 
37 
37 
38 
37 
37 
37 
37 
37 
38 
37 
37 
37 
36 
37 
37 
37 
37 
36 
37 


L.Tang. 


9.51178 
9.51221 
9.51264 
9.51306 
9.51349 


9.51392 
9.51435 
9.51478 
9.51520 
9^15^ 
9.51606 
9.51648 
9.51691 
9.51734 
9^177^ 
9.51819 
9.51861 
9.51903 
9.51946 
9.51988 


9.52031 
9.52073 
9.52115 
9.52157 
9.52200 


9.52242 
9.52284 
9.52326 
9.52368 
9.52410 


9.52452 
9.52494 
9.52536 
9.52578 
9.52620 


9.52661 
9.52703 
9.52745 
9.52787 
9.52829 


9.52870 
9.52912 
9.52953 
9.52995 
9.53037 


9.53697 
L.  Cotg. 


d.c. 


43 
43 
42 
43 
43 
43 
43 
42 
43 
43 
42 
43 
43 
42 
43 
42 
42 
43 
42 
43 
42 
42 
42 
43 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
41 
42 
42 
42 
42 
41 
42 
41 
42 
42 
41 
42 
41 
41 
42 
41 
42 
41 
41 
41 
42 
41 
41 
41 
41 
41 

ITF. 


L.  Cotg. 
0.48822 
0.48779 
0.48736 
0.48694 
0.48651 


0.48608 
0.48565 
0.48522 
0.48480 
0.48437 
0.48394 
0.48352 
0.48309 
0.48266 
0.48-224 


0.48181 
0.48139 
0.48097 
0.48054 
0.48012 


0.47969 
0.47927 
0.47885 
0.47843 
0.47800 


0.47758 
0.47716 
0.47674 
0.47632 
0.47590 


0.47548 
0.47506 
0.47464 
0.47422 
0.47380 


0.47339 
0.47297 
0.47255 
0.47213 
0.47171 


0.47130 
0.47088 
0.47047 
0.47005 
0.46963 


0.46922 
0.46880 
0.46839 
0.46798 
0.46756 


0.46715 
0.46673 
0.46632 
0.46591 
0.46550 


0.46508 
0.46467 
0.46426 
0.46385 
0.46344 


0.46303 
L.Tang. 


L.  C!08. 


9.97821 
9.97817 
9.97812 
9.97808 
9.97804 


9.97800 
9.97796 
9.97792 
9.97788 
9.97784 


9.97779 
9.97775 
9.97771 
9.97767 
9.97763 


9.97759 
9.97754 
9.97750 
9.97746 
9.97742 


9.97738 
9.97734 
9.97729 
9.97725 
9.97721 


9.97717 
9.97713 
9.97708 
9.97704 
9.97700 


9.97696 
9.97691 
9.97687 
9.97683 
9.97679 


9.97674 
9.97670 
9.97666 
9.97662 
9.97657 


9.97653 
9.97649 
9.97645 
9.97640 
9.97636 


9.97632 
9.97628 
9.97623 
9.97619 
9.97615 


9.97610 
9.97606 
9.97602 
9.97597 
9.97593 


9.97589 
9.97584 
9.97580 
9.97576 
9.97571 


9.97567 
L.  Sin. 


P.P. 


43 

4.3  I 
5.0/  4.9 


5.7 
6.5 
7.2 
14.3 
21.5 
28.7 
35.8 


5.6 
6.3 
1.0 
14.0 
21.0 
28.0 
35.0 


6 

7 

8 

9 

10 

20 

30 

40 

50 


41 

4.1 

4.8 

5.5 

6.2 

6.8 

13.7 

20.5 

27.3 

34.2 


39 

38 

6 

3.9 

3.S 

7 

4.6 

4.4 

8 

5.2 

6.1 

9 

5.9 

5.7 

10 

6.5 

6.3 

20 

13.0 

12.7 

30 

19.5 

19.0 

40 

26.0 

25.3 

50 

32.5 

31.7 

6 

iV 

36 

3.6 

7 

4.3 

4.2 

8 

4.9 

4.8 

9 

5.6 

5.4 

10 

6.2 

6.0 

20 

12.3 

12.0 

30 

18.5 

18.0 

40 

24.7 

24.0 

50 

30.8 

30.0 

5 

4 

6 

0.5 

0.4 

7 

0.6 

0.5 

8 

0.7 

0.5 

9 

0.8 

0.6 

10 

0.8 

0.7 

20 

1.7 

1.3 

30 

2.5 

2.0 

40 

3.3 

2.7 

50 

4.2 

3.3 

P.P. 
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190 


51 


L.Sin. 


9.51264 
9.51301 
9.51338 
9.51374 
9.51411 


9.51447 
9.51484 
9.51520 
9.51557 
9.5151»3 


9.51629 
9.51666 
9.51702 
9.51738 
9.51774 


9.51811 
9.51847 

17  I  9.51883 

18  9.51919 

19  19.51956 


20 

21 
22 
23 
24 
"25' 
26 
27 
28 
29 

30 

31 
32 
33 
34 
35 
86 
^7 
38 
39 


9.51991 
9.52027 
9.52063 
9.52099 
9.52135 


9.52171 
9.52207 
9.52242 
9.52278 
9.52314 


9.52350 
9.52385 
9.52421 
9.52456 
9.52492 


9.52527 
9.52563 
9.52598 
9.52634 
9.52669 


9.52705 
9.52740 
9.52776 
9.52811 
9.52846 


9.52881 
9.52916 
9.52951 
9.52986 
9.53021 


60 


9.53066 
9.53092 
9.53126 
9.53161 
9.53196 


9.53231 
9.63266 
9.53301 
9.53336 
9.63370 


9.63406 


L.C08. 


87 
37 
36 
37 
36 
37 
36 
37 


35 
36 
36 
36 
35 
36 
36 


36 
35 
36 
35 
35 
36 
36 
35 
36 
35 
36 
34 
36 
36 
35 
35 
35 
85 
34 
85 


d. 


L.Tang. 


9.53697 
9.53738 
9.53779 
9.53820 
9.63861 


9.53902 
9.53943 
9.63984 
9.54025 
9.54065 


9.64106 
9.64147 
9.64187 
9.54228 
9.64269 


9.54309 
9.64350 
9.64390 
9.54431 
9.54471 


9.54512 
9.54552 
9.54593 
9.54633 
9.54673 


9.54714 
9.54764 
9.64794 
9.64835 
9.54875 


9.54915 
9.64955 
9.54995 
9.55035 
9.55075 


9.55116 
9.55156 
9.55195 
9  55236 
9.55276 


9.55316 
9.55355 
9.55395 
9.55434 
9.55474 


9.55514 
9.56554 
9.55593 
9.55633 
9.55673 


9.56107 


d.c. 


L.Cotg. 


41 
41 
41 
41 
41 
41 
41 
41 
40 
41 
41 
40 
41 
41 
40 
41 
40 
41 
40 
41 
40 
41 
40 
40 
41 
40 
40 
41 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
39 
40 
40 
40 
39 
40 
40 
39 
40 
39 
40 
39 
40 
39 
40 


40 
d.  c. 


L.  Cotg. 


0.46303 
0.46262 
0.46221 
0.46180 
0.46139 


0.45085 
0.45045 
0.45005 
0.44965 
0.44925 


0.44885 
0.44845 
0.44805 
0.44765 
0.44725 


0.44685 
0.44645 
0.44605 
0.44566 
0.44526 


0.44486 
0.44446 
0.44407 
0.44367 
0.44327 


0.44288 
0.44248 
0.44209 
0.44169 
0.44130 


0.44090 
0.44051 
0.44011 
0.43972 
0.489a3 


J).43893 
L.tang. 


L.  Ck>s.  d. 


9.97567 
9.97563 
9.97558 
9.97554 
9.97550 
9.97545 
9.97541 
9.97536 
9.97532 
9.975^ 
9.97523 
9.97519 
9.97515 
9  97510 
9^506 
9.97501 
9.97497 
9.97492 
9.97488 
^97484 
9.97479 
9.97475 
9.97470 
9.97466 
9.97461 
9.97457 
9.97453 
9.97448 
9.97444 
9.97439 


9.97435 
9.97430 
9.97426 
9.97421 
9.97417 


9.97412 
9.97408 
9.97403 
9.97399 
9.97394 


9.97390 
9.97385 
9.97381 
9.97376 
9.97372 


9.97367 
9.97363 
9.97358 
9.97353 
9.97349 
9.97344 
9.97340 
9.97335 
9.97331 
9.97326 


9.97322 
9.97317 
9.97312 
9.97308 
^73^ 
9.97299 
L.  Sin.  i  d. 


P.P. 


41 

6 

4.1 

7 

4.8 

8 

6.6 

9 

6.2 

10 

6.8 

20 

13.7 

30 

20.5 

40 

27.3 

60 

34.2 

40 

4.0 
4.7 
5.3 
6.0 
6.7 
13.3 
20.0 
26.7 
33.3 


30 

3.9 
4.6 
6.2 
6.9 
6.6 
13.0 
19.6 
26.0 
32.5 


37 

6 

3.7 

7 

4.3 

8 

4.9 

9 

5.6 

10 

6.2 

20 

12.3 

30 

18.5 

40 

24.7 

50 

30.8 

35 

6 

3.5 

7 

41 

8 

4.7 

9 

5.3 

10 

5.8 

20 

11.7 

30 

17.5 

40 

23.3 

50 

29.2 

5 

6 

0.6 

7 

0.6 

8 

0.7 

9 

0.8 

10 

0.8 

20 

1.7 

30 

2.5 

40 

3.3 

50 

4.2 

36 

•3.6 
4.2 
4.8 
5.4 
6.0 
12.0 
18.0 
IM.O 
30.0 


34 

3.4 
4.0 
4.5 
5.1 
5.7 
11.3 
17.0 
22.7 
28.3 


4 

0.4 
0.5 
0.5 
0.6 
0.7 
1.3 
2.0 
2.7 


P.P. 


LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS^ 
20^ 


L.  Sin. 

d. 

L.Tang. 

d.c. 

L.  Cotg. 

L.C08. 

d. 

P.P. 

9.53405 

9.56107 

0.48893 

9.97299 

80 

9.53440 

35 

9.56146 

39 

0.43854 

9.97294 

5 

69 

9.53475 

35 

9.56185 

39 

0.48815 

9.97289 

6 

58 

AM      SA 

9.53509 

34 

9.56224 

39 

0.43776 

9.97285 

4 

57 

6 
7 

«V    99 

4.0  i  3.9 

4  7   4.6 

9.53544 

35 
34 

9.56264 

40 
39 

0.43736 

9.97280 

6 

4 

66 

9.53578 

9.56303 

0.43697 

9.97276 

65 

8 

sis   5.2 

9.53613 

?S 

9.56342 

39 

0.43658 

9.97271 

6 

64 

9 

6.0 

5.9 

9.53647 

34 

9.66381 

39 

0.43619 

9.97266 

6 

63 

10 

6.7 

6.5 

9.53682 

35 

9.56420 

89 

0.43580 

9.97262 

4 

52 

20 

13.3 

13.0 

9.53716 

34 
35 

9.56469 
9.56498 

39 
39 

0.43541 

9.97257 

6 
5 

61 

30 
40 

20.0 
26.7 

19.5 
26.0 

9.53751 

0.43602 

9.97252 

50 

9.53785 

34 

9.56637 

39 

0.43463 

9.97248 

4 

49 

60 

33.3 

32.0 

9.53819 

34 

9.56576 

39 

0.43424 

9.97243 

5 

48 

9.53854 

35 

9.56615 

39 

0.4338& 

9.97238 

5 

47 

9.53888 

34 
34 

9.56654 

39 
39 

0.43346 

9.97234 

4 
5 

46 

3a   37 

9.53922 

9.56693 

0.43307 

9.97229 

45 

6 

3.8 

3.7 

9.53957 

35 

9.56732 

89 

0.43268 

9.97224 

5 

44 

7 

4.4 

4.3 

9.53991 

34 

9.56771 

39 

0.43229 

9.97220 

4 

43 

8 

6.1 

4.9 

9.54025 

34 

9.56810 

39 

0.43190 

9.97215 

5 

42 

9 

5.7 

5.6 

9.54059 

34 

34 

9.56849 

89 
38 

0.43161 

9.97210 

6 
4 

41 

10 

6.8 

6.2 

9.54093 

9.56887 

0.43113 

9.97206 

40 

20 

12.7 

12.3 

9.54127 

34 

9.56926 

39 

0.43074 

9.97201 

6 

39 

30 

19.0 

18.5 

9.54161 

34 

9.56965 

39 

0.43035 

9.97196 

6 

38 

40 

25.3 

24.7 

9.54195 

34 

9.57004 

39 

0.42996 

9.97192 

4 

37 

50 

31.7 

30.8 

9.54229 

34 
34 

9.57042 

38 
39 

0.42958 

9.97187 

6 
5 

36 

9.54263 

9.57081 

0.42919 

9.97182 

35 

9.54297 

34 

9.57120 

39 

0.42880 

9.97178 

4 

34 

35 

9.54331 

34 

9.57168 

88 

0.42842 

9.97173 

6 

33 

6 

3.5 

9.54365 

34 

9.57197 

39 

0.42803 

9.97168 

6 

32 

7 

4.1 

9.54399 

34 

•34 

9.57235 
9.57274 

38 
39 

0.42765 

9.97163 

5 
4 

31 

8 
9 
10 
20 
30 
40 
50 

4.7 
5.3 
5.8 
11.7 
17.5 
23.3 
29.2 

9.54433 

0.42726 

9.97159 

80 

9.54466 

33 

9.57312 

38 

0.42688 

9.97164 

5 

29 

9.54500 

34 

9.67351 

39 

0.42649 

9.97149 

6 

28 

9.54534 

34 

9.57389 

88 

0.426U 

9.97145 

4 

27 

9.54567 

33 
34 

9.67428 

39 
88 

0.42672 

9.97140 

5 
6 

26 

9.54601 

9.57466 

0.42534 

9.97186 

25 

9.54635 

34 

9.57504 

88 

0.42496 

9.97180 

5 

24 

1 

9.54668 

33 

9.57543 

39 

0.42457 

9.97126 

4 

23 

9.54702 

34 

9.67581 

38 

0.42419 

9.97121 

6 

22 

34 

99 

9.54735 

33 
34 

9.67619 
9.57658 

38 
39 

0.42381 

9.97116 

5 
6 

21 

6 

7 

».4 

4.0 
4.5 

3.3 
3.9 
4.4 

9.54769 

0.42342 

9.97111 

20 

9.54802 

33 

9.57696 

38 

0.42304 

9.97107 

4 

19 

9 

5!l 

sio 

9.54836 

34 

9.57734 

38 

0.42266 

9.97102 

6 

18 

10 

b.l 

5*5 

9.54869 

33 

9.57772 

88 

0.42228 

9.97097 

5 
6 
5 

17 

20 

11  3 

110 

9.54903 

34 
33 

9.57810 

38 
39 

0.42190 

9.97092 

16 

80 
40 

17!o 
22.7 

16.5 
22.0 

9.54936 

9.57849 

0.42151 

9.97087 

16 

9.54969 

33 

9.57887 

38 

0.42113 

9.97083 

4 

14 

50 

28.3 

27.5 

9.55003 

34 

9.57925 

38. 

0.42075 

9.97078 

5 

13 

9.55036 

33 

9.57963 

38 

0.42037 

9.97073 

5 

12 

9.55069 

33 
33 

9.58001 
9.58039 

38 
38 

0.41999 

9.97068 

5 
6 
4 
5 
6 
6 
5 

11 

S  1 

4 
0.4 

9.55102 

0.41961 

9.97063 

10 

6 

0.5 

9.55136 

34 

9.58077 

38 

0.41928 

9.97059 

9 

7 

0.6 

0.5 

9.55169 

38 

9.58115 

38 

0.41885 

9.97054 

8 

8 

0.7 

0.5 

9.55202 

33 

9.58153 

38 

0.41847 

9.97049 

7 

9 

0.8 

0.6 

9.55235 

33 
33 

9.58191 

38 
38 

0.41809 

9.97044 

6 

10 

0.8 

0.7 

9.55268 

9.58229 

0.41771 

9.97039 

6 

20 

1.7 

1.3 

9.55301 

33 

9.58267 

38 

0.41738 

9.97035 

4 

4 

30 

2.5 

2.0 

9.55334 

33 

9.58304 

37 

0.41696 

9.97030 

5 

3 

40 

8.3 

2.7 

9.55367 

33 

9.58342 

38 

0.41658 

9.97025 

6 

2 

50 

4.2 

3.3 

9.55400 

33 
33 

9.58380 

38 
38 

0.41620 

9.97020 

6 
6 

1 

9.55433 

9.58418 

0.41582 

9.97015 

0 

L.Cos. 

d. 

L.  Cotg. 

d.c. 

L.Tang. 

L.  Sin. 

d. 

/ 

P.P. 

JLOQARITHMS  OF  TRIGONOMETRIC  FUNCTIONS. 


L.  Sin. 


d. 


L.Tang. 


d.c. 


L.  Cotg. 


L.CJos. 


P.P. 


0 

1 

2 

3 

_4^ 
5 
6 
7 
8 
9 


10 

11 

12 
13 
14 


9.55433 
9.55466 
9.55499 
9.55532 
9.55564 
9.55597 
9.55630 
9.55663 
9.55695 
9.55728 


15 
16 
17 
18 
19 


20 
21 
22 
7S 
24 


9.55761 
9.55793 
9.55826 
9.55858 
9.55891 


9.55923 
9.55956 
9.55988 
9.56021 
9.56058 


9.56085 
9.56118 
9.56150 
9.56182 
9.56215 


9.56247 
9.66279 
9.56311 

28  9.56343 

29  9.56375 


9.56408 
9.56440 
9.56472 
9.56504 
9.56536 


9.56568 
9.56599 
9.56631 
9.56663 
9.56695 
9.56727 
9.56759 
9.56790 
9.56822 
9.56854 


9.56886 
9.56917 


9.57012 
9.57044 
9.57075 
9.57107 
9.57138 
9.57169 


9.57201 
9.57232 
9.57264 

58  9.57295 

59  9.57326 

60  9.57358 
L.Cos. 


33 
33 
32 
33 
33 
32 
33 
32 
33 


32 


32 
33 
32 
32 
33 
32 
32 
32 
32 
32 
33 
32 
32 
32 
32 
32 
31 
32 
32 
32 
32 
32 
81 
32 
32 
32 
31 
32 
31 
32 
32 
31 
32 
31 
81 
82 
31 
32 
81 
31 
82 


9.58418 
9.58455 
9.58493 
9.58531 
9.58569 


9.58606 
9.58644 
9.58681 
9.58719 
9.58757 


9.58794 
9.58832 
9.58869 
9.58907 
9.58944 


9.58981 
9.59019 
9.59056 
9.59094 
9.59131 


9.59168 
9.59205 
9.59243 
9.59280 
9.59317 


9.59354 


9.59725 
9.59762 
9.59799 
9.59835 
9.59872 


9.59909 
9.59946 


9.60019 
9.60056 


9.60093 
9.60130 
9.60166 
9.60203 
9.60240 


9.60276 
9.60313 
9.60349 


9.60422 


9.60459 
9.60495 
9.60532 
9.60568 
9.60605 


9.60641 
L.  Cotg. 


37 
38 
37 
87 
38 
37 
38 
37 
37 
37 
38 
37 
37 
37 
87 
38 
37 
37 
87 
37 
37 
37 
37 
37 
37 
37 
36 
37 
37 
37 
37 
36 
37 
37 
37 
36 
37 
37 
36 
37 
36 
37 
36 
37 
36 
37 
36 
37 
36 

dTc: 


0.41582 
0.41545 
0.41507 
0.41469 
0.41431 


9.97015 
9.97010 
9.97005 
9.97001 


0.41394 
0.41356 
0.41819 
0.41281 
0.41248 


9.96991 
9.96986 
9.96981 
9.96976 
9.96971 


0.41206 
0.41168 
0.41131 
0.41093 
0.41056 


9.96966 
9.96962 
9.96957 
9.96952 
9.96947 


0.41019 
0.40981 
0.40944 
0.40906 
0.40869 


9.%942 
9.96987 
9.96932 
9.96927 
9.96922 


0.40832 
0.40795 
0.40757 
0.40720 
0.40688 


9.96917 
9.96912 
9.96907 


9.96898 


0.40646 
0.40609 
0.40571 
0.40534 
0.40497 


9.96893 
9.96888 
9.96883 
9.96878 
9.96873 


0.40460 
0.40423 
0.40386 
0.40349 
0.40312 


9.96868 
9.96863 
9.96858 
9.96853 
9.96848 


0.40276 
0.40238 
0.40201 
0.40165 
0.40128 


9.96843 
9.96838 
9.96833 
9.96828 
9.96823 


0.40091 
0.40054 
0.40017 
0.39981 
0.39944 


9.96818 
9.96813 
9.96808 


9.96798 


0.39907 
0.39870 
0.39834 
0.39797 
0.39760 


9.96793 
9.96788 
9.96783 
9.96778 
9.96772 


0.39724 
0.39687 
0.39651 
0.39614 
0.39578 


9.96767 
9.96762 
9.96757 
9.96752 
9.96747 


0.39541 
0.39505 
0.39468 
0.39432 
0.39395 


9.96742 
9.96737 
9.96732 
9.96727 
9.96722 


0.39359 
L.Tang. 

68° 


9.96717 
L.  Sin. 


37 


38 

6 

3.8 

7 

4.4 

8 

5.1 

9 

5.7 

10 

6.3 

20 

12.7 

30 

19.0 

40 

25.3 

50 

31.7 

36 

6 

3.6 

7 

4.2 

8 

4.8 

9 

6.4 

10 

6.0 

20 

12.0 

30 

18.0 

40 

24.0 

50 

30.0 

37 

3.'J 
4.2 
4.S 
5.C 
6.2 
12.a 
18.5 
24.7 
30.S 


33 

3.3 
3.S 
4.4 
5.C 
5.5 
ll.C 
16.5 
22.C 
27.5 


32 

3.2 
3.7 
4.3 
4.8 
5.3 
10.7 
16.0 
21.3 
26.7 


31 

6 

3.1 

7 

3.6 

8 

4.1 

9 

4.7 

10 

6.2 

20 

10.3 

30 

15.5 

40 

20.7 

50 

25.8 

5 

6 

0.5 

7 

0.6 

8 

0.7 

9 

0.8 

10 

0.8 

20 

1.7 

30 

2.5 

40 

3.3 

50 

4.2 

6 

0.6 
0.7 
0.8 
0.9 
1.0 
2.0 
3.0 
4.0 
5.0 


4 

0.4 
0.5 
0.5 
0.6 
0.7 
1.3 
2.0 
2.7 
3.3 


P.P. 


LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS. 
22° 


d. 


L.Tang. 


d.c. 


L.  Cotg. 


L.Ctos. 


P.P. 


9.60641 
9.60677 
9.60714 
9.60750 
9.60786 


9.60823 
9.60869 
9.60895 
9.60931 
9.60967 


9.61004 
9.61040 
9.61076 
9.61112 
9.61148 


9.62785 


L.  Cotg, 


36 


35 
35 
35 

d7c: 


0.39359 
0.39323 
0.39286 
0.39250 
0.39214 


9.96717 
9.96711 
9.96706 
9.96701 


0.38816 
0.38780 
0.38744 
0.38708 
0.38672 


9.96640 
9.96634 
9.96629 
9.96624 
9.96619 


0.38636 
0.38600 
0.38564 
0.38528 
0.38492 


9.96614 
9.96608 
9.96603 
9.96598 
9.96593 


0.38456 
0.38421 
0.38385 
0.38349 
0.38313 


9.96588 
9.96582 
9.96577 
9.96572 
9.96567 


0.38278 
0.38242 
0.38206 
0.38170 
0.38135 


9.96562 
9.96566 
9.96551 


9.96541 


0.38099 
0.38064 
0.38028 
0.37992 
0.37957 


9.96535 
9.96530 
9.96525 


9.96514 


0.37921 
0.37886 
0.37850 
0.37815 
0.37779 


9.96509 
9.96504 
9.96498 
9.96493 
9.96488 


0.37744 
0.37708 
0.37673 
0.37638 
0.37602 


9.96477 
9.96472 
9.96467 
9.96461 


0.37567 
0.37532 
0.37496 
0.37461 
0.37426 


9.96456 
9.96451 
9.96445 
9.96440 
9.96435 


0.37391 
0.37355 
0.37320 
0.37285 
0.37250 
0.37215 
L.Taiig. 


9.96429 
9.96424 
9.96419 
9.96413 
9.96408 


9^03 
"L.  Sin. 


34 


37 

6 

3.7 

7 

4.3 

8 

4.9 

9 

5.6 

10 

6.2 

20 

12.3 

30 

18.5 

40 

24.7 

50 

30.8 

S6 

3.6 

4.2 
4.8 
5.4 

6.0 
12.0 
18.0 
24.0 

30.O 


35 

3.5 
4.1 
4.7 
5.3 
5.8 
11.7 
17.5 
23.3 
29.2 


32 

6 

3.2 

7 

3.7 

8 

4.3 

9 

4.8 

10 

5.3 

20 

10.7 

30 

16.0 

40 

21.3 

50 

26.7 

SO 

6 

3.0 

7 

3.5 

8 

4.0 

9 

4.5 

10 

5.0 

20 

10.0 

30 

15.0 

40 

20.0 

50 

25.0 

6 

6 

0.6 

7 

0.7 

8 

0.8 

9 

0.9 

10 

1.0 

20 

2.0 

30 

3.0 

40 

4.0 

50 

5.0 

31 

3.1 

3.6 

4.1 

4.7 

5.2 

10.3 

15.5 

20.7 

25.8 


29 

2.9 

3.4 

3,9 

4.4 

4.8 

9.7 

14.5 

19.3 

24.2 


5 

0.5 
0.6 
0.7 
0.8 
0.8 
1.7 
2.5 
3.3 
4.2 


P.P. 


67° 


LOGARITHMS  OF  TRIOONOMETRIC  FUNCTIONS,  615 


L.  Sin.: 


9.59188 
9.59218 
9.59247 
9.59277 
9.59307 


9.59S36 
9.59366 
9.59396 
9.59425 
9  9.59455 


9.59484 
9.59514 
9.59543 
9.59573 
9.59602 
9.59682 
9.59661 
9.59690 
9.59720 
9.59749 


9.59778 
9.59608 
9.59637 
9.59666 
9.59695 


9.59924 
9.59954 
9.59983 
9.60012 
9.60041 


9.60070 
9.60099 
9.60128 
9.60157 
9.60186 


9.60215 
9.60244 
9.60273 
9.60302 
9.60331 


9.60859 
9.60388 
9.60417 
9.60446 
9.60474 


d. 


45  9.60503 

46  9.60532 
9.60561 
9.60589 
9.60618 


60 


9.60646 
9.60675 
9.60704 
9.60782 
9.60761 


9.60789 
9.60818 
9.60846 
9.60675 
9.60903 


9.60931 


L.OOS. 


30 
29 
30 
30 
29 
30 
30 
29 
30 
29 
30 
29 
30 
29 
30 
29 
29 
30 
29 
29 
30 
29 
29 
29 
29 
80 
29 
29 
29 
29 
29 
29 
'29 
29 
29 
29 
29 
29 
29 
28 
29 
29 
29 
28 
29 
29 
29 
28 
29 
28 
29 
29 
28 
29 
28 
29 
28 
29 
28 
26 


L.TaDg. 


d. 


9.62785 
9.62820 
9.62855 
9.62890 
9.62926 


9.62961 
9.62996 
9.63031 
9.63066 
9.63101 


9.63135 
9.68170 
9.68205 
9.63240 
9.63275 


:9.63310 
9.68345 
9.68379 
9.63414 
9.63449 


9.63484 
9.68519 
9.68553 


9.68657 
9.68692 
9.68726 
9.63761 
9.68796 


9.63830 
9.63865 
9.68899 
9.68934 


9.64003 
9.64037 
9.64072 
9.64106 
9.64140 


9.64175 
9.64209 
9.64243 
9.64278 
9.64312 


9.64346 
9.64381 
9.64415 
9.64449 
9.64483 


9.64617 
9.64552 
9.64586 
9.64620 
9.64654 
9.64688 
9.64722 
9.64756 
9.64790 
9.64824 


9.64858 


L.  Cotg. 


d.c. 


35 

35 

35 

36 

35 

35 

35 

35 

85 

34 

35 

35- 

35 

85. 

35 

35 

34 

35 

35 

35 

85 

84. 


34 
85 
84 
35 
85 
34 
35 
34 
35 
34 
35 
34 
35 
34 
34 
35 
34 
34 
35 
34 
34 
35 
34 
34 
34 
34 
35 
34 
34 
34 
34 
34 
34 
34 
34 
34 


d.c. 


L.Cotg. 


0.37216 
0.37180 
0.37145 
0.87110 
0.37074 


0.37039 
0.87004 
0.36969 
0.36934 
0.36899 


0. 

0.1 

0.36795 

0.36760 

0.36725 


0.! 

0.36655 

0.36621 

0.36586 

0.36551 


0.36516 
0.36481 
0.36447 
0.36412 
0.36377 


0.36343 
0.86306 
0.36274 
0.36239 
0.36204 


0.36170 
0.36135 
0.36101 
0.36066 
0.36032 


0.35654 
0.85619 
0.35585 
0.35651 
0.36517 


0.36483 
0.36448 
0.35414 
0.36380 
0.36346 
0.36312 
0.36278 
0.36244 
0.36210 
0.36176 


L.C08. 


9.96403 
9.96397 


9.96387 
9.96381 


9.96376 
9.96370 
9.96365 
9.96360 
9.96354 


9.96349 
9.96343 
9.96338 
9.96333 
9.96327 


9.96322 
9.96316 
9.96311 


9.96300 


9.96294 
9.96289 
9.96284 
9.%278 
9.96273 
9.96267 
9.96262 
9.96266 
9.96251 
9.96245 


9.96240 
9.96234 
9.96229 
9.96223 
9.96218 


9.%212 
9.96207 
9.%201 
9.96196 
9.96190 
9.96185 
9.96179 
9.96174 
9.96168 
9.96162 


9.96157 
9.96161 
9.96146 
9.96140 
9.%135 


9.96129 
9.96123 
9.96118 
9.96112 
9.96107 


9.96101 
9.96096 
9.96090 
9.96084 
9.96079 


9.96073 
L.  Sin. 


d. 
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P.P. 


36 

6 

3.6 

7 

4.2 

8 

4.8 

9 

5.4 

10 

6.0 

20 

12.0 

80 

18.0 

40 

24.0 

50 

30.0 

35 

3.5 
4.1 
4.7 
5.3 
5.8 
11.7 
17.6 
•23.3 
29.2 


34 

3.4 
4.0 
4.5 
5.1 
5.7 
11.3 
17.0 
22.7 
28.3 


80 

6 

3.0 

7 

3.5 

8 

4.0 

9 

4.5 

10 

6.0 

20 

10.0 

30 

16.0 

40 

20.0 

60 

25.0 

29 

2.9 
3.4 
3.9 
4.4 
4.8 
9.7 
14.5 
19.3 
24.2 


28 

6 

2.8 

7 

3.3 

6 

3.7 

9 

4.2 

10 

4.7 

20 

9.3 

80 

14.0 

40 

18.7 

50 

23.3 

6 

6 

0.6 

7 

0.7 

8 

0.8 

9 

0.9 

10 

1.0 

20 

2.0 

30 

3.0 

40 

4.0 

50 

5.0 

5 

0.5 
0.6 
0.7 
0.8 
0.8 
1.7 
2.6 
3.3 
4.2 


P.P. 
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240 


L.  Sin. 


L.Tang. 


d.c. 


L.  Cotg. 


L.Cos. 


P.  I»- 


15 
16 
17 
18 
19 
20 
21 
22 
23 
24 


25 
26 
27 
28 
29 
30 
31 
32 
33 
34 


40 

41 
42 
43 
44 
45 
46 
47 
48 
49 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


9.60931 
9.60960 
9.60988 
9.61016 
9.61045 


9.61073 
9.61101 
9.61129 
9.61158 
9.61186 
9.61214 
9.61242 
9.61270 
9.61298 
9.61326 


9.61354 
9.61382 
9.61411 
9.61438 
9.61466 
9.61494 
9.61522 
9.61550 
9.61578 
9.61606 


9.61634 
9.61662 
9.61689 
9.61717 
9.61745 
9.61773 
9.61800 
9.61828 
9.61856 


9.61911 


9.61966 
9.61994 
9.62021 


9.62296 


9.62350 
9.62377 
9.62405 
9.62432 
9.62459 


9.62513 
9.62541 
9.62568 
9.62595 


28 


28 
28 
28 
28 
28 
29 
27 
28 
28 
28 
28 
28 
28 
28 
28 
27 
28 
28 
28 
27 
28 
28 
27 
28 
28 
27 
28 
27 
28 
27 
28 
27 
28 
27 
28 
27 
27 
28 
27 
27 
27 
28 
27 
27 
27 
27 
28 
27 
27 


9.64858 
9.64892 
9.64926 
9.61960 
9.64994 


9.65028 
9.65062 
9.65096 
9.65130 
^.65164 

9.65197 
9.65231 
9.65265 
9.65299 
9.65333 


9.65366 
9.65400 
9.65434 
9.65467 
9.65501 


9.65535 
9.65568 
9.65602 


9.65703 
9.65736 
9.65770 
9.65803 
9.65837 
9.65870 
9.65904 
9.65937 
9.65971 
9.66004 


9.66071 
9.66104 
9.66138 
9.66171 
9.66204 
9.66238 
9.66271 
9.66304 
9.66337 


9.66371 
9.66404 
9.66437 
9.66470 


34 

34 
34 
34 
34 
34 
34 
34 
34 
33 
34 
34 
34 
34 
33 
34 
34 
33 
34 
34 
33 
34 
34 
33 
34 
33 
34 
33 
34 
33 
34 
33 
34 
33 
34 


34 
33 
33 
34 
33 
33 
33 
34 
33 
33 
33 
33 
34 


33 
33 
33 


0.35142 
0.35108 
0.35074 
0.35040 
0.35006 


9.96073 
9.96067 
9.96062 
9.96056 
9.96050 


0.34972 
0.84938 
0.34904 
0.34870 
0.34836 


9.96045 
9.96039 
9.96034 
9.96028 
9.96022 


0.: 

0.34769 

0.34735 

0.34701 

0.34667 


9.96017 
9.96011 
9.96005 
9.96000 
9.95994 


0.34634 
0.34600 
0.34566 
0.34533 
0.34499 


9.95988 
9.95982 
9.95977 
9.95971 
9.95965 


0.34465 
0.34432 
0.34398 
0.34364 
0.34381 


9.95960 
9.95954 
9.95948 
9.95942 
9.95937 


0.34297 
0.34264 
0.34230 
0.34197 
0.34163 


9.95931 
9.95925 
9.95920 
9.95914 
9:95908 


0.34130 
0.34096 
0.34063 
0.34029 
0.33996 


9.95902 
9.95897 
9.95891 
9.95885 
9.95879 


0.33962 
0.33929 
0.33896 
0.33862 
0.33829 


9.95873 
9.95868 
9.95862 
9.95856 
9.95850 


0.33796 
0.33762 
0.33729 
0.33696 
0.33663 


9.95844 


9.95827 
9.95821 


0.33629 
0.33596 
0.33563 
0.33530 
0.33497 


9.95815 
9.95810 
9.95804 
9.95798 
9.95792 


0.33463 
0.33430 
0.33397 
0.33364 
0.33331 


9.95786 
9.95780 
9.95775 
9.95769 
9.95763 


0.33298 
0.33265 
0.33232 
0.33199 
0.33166 


9.95757 
9.95751 
9.95745 
9.95739 
9.95733 


9.66867 


0.33133 


L.  Cos. 


L.  Cotg, 


d.  e.  L.Tang. 


9.95728 
L.  Sin. 


34 

6 

3.4 

7 

4.0 

8 

4.5 

9 

5.1 

10 

5.7 

20 

11.3 

30 

17.0 

40 

22.7 

50 

28.3 

33 

3.3 

3.9 

4.4 

5.0 

5.5 

11.0 

16.5 

22-0 

27^ 


6 

6 

0.6 

7 

0.7 

8 

0.8 

9 

0.9 

10 

1.0 

20 

2.0 

30 

3.0 

40 

4.0 

50 

5.0 

29 

2.9 

3.4 

3.9 

4.4 

4.8 

9.7 

14.5 

19.3 

24.2 


28 

2.8 

3.3 

3.7 

4.2 

4.7 

9.3 

14.0 

18.7 

23.3 


27 

2.7 
3.2 
3.6 
4.1 
4.5 
9.0 
13.5 
18.0 
22.5 


5 

0.5 
0.6 
0.7 
0.8 
0.8 
1.7 
2.5 
8.3 
4.2 


d. 


P.P. 
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27 
27 
26 
27 
27 
27 
26 
27 
27 
26 
27 
26 
27 
26 
27 
26 
27 
26 
27 
26 
27 
26 
26 
27 
26 
26 
27 
26 
26 
26 
27 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 


L.Tang. 
9.66867 
9.66900 
9.66933 
9.66966 
9.66999 


9.67032 
9.67065 
9.67098 
9.67131 
9.67163 


9.67196 
9.67229 
9.67262 
9.67295 
9.67327 


9.67860 
9.67393 
9.67426 
9.67458 
9.67491 


9.67624 
9.67556 
9.67589 
9.67622 
9.67654 


9.67687 
9.67719 
9.67752 
9.67785 
9.67817 


9.67850 
9.67882 
9.67915 
9.67947 
9.67980 
9.68012 
9.68044 
9.68077 
9.68109 
9.68142 
9.68174 
9.68206 
9.68239 
9.68271 
9.68303 


9.68818 
L.  Cotg. 


d.  c.  I L.  Cotg. 


83 
83 
82 
83 
83 


32 


32 
38 
38 
32 
83 
32 
33 
33 


82 
83 

32 
32 
83 
82 
33 
32 
32 
33 
32 


32 
32 
32 
83 
32 
32 
32 
32 
33 
32 
32 
32 
32 
32 
32 

dTc: 


0.33133 
0.33100 
0.33067 
0.38034 
0.38001 


0.; 
0.; 

0.32902 
0.32869 
0.32837 


0.32804 
0.32771 
0.32738 
0.32706 
0.32678 


0.32640 
0.32607 
0.82574 
0.32542 
0.82509 


0.32476 
0.32444 
0.32411 
0.32378 
0.32346 


0.32313 
0.32281 
0.32248 
0.322L5 
0.82183 


0.32150 
0.32118 
0.32085 
0.32053 
0.32020 


0.31988 
0.31956 
0.31923 
0.31891 
0.31858 


0.31826 
0.31794 
0.31761 
0.31729 
0.31697 


0.31664 
0.31632 
0.31600 
0.31568 
0.31535 


0.31182 
L.Tang. 


L.  Cos. 
9.95723 
9.96722 
9.95716 
9.95710 
9.95704 


9.95696 
9.95692 
9.95686 
9.95680 
9.95674 


9.95668 
9.95663 
9.95657 
9.95651 
9.95645 


9.95639 
9.95633 
9.95627 
9.95621 
9.95615 


9.95609 
9.95603 
9.95597 
9.95591 
9.95585 


9.95579 
9.95573 
9.95567 
9.95561 
9.95555 


9.95549 
9.95543 
9.95537 
9.95531 
9.95525 


9.95519 
9.95513 
9.95507 
9.95500 
9.95494 


9.95488 
9.95482 
9.95476 
9.95470 
9.95464 


9.95366 
L.  Sin. 


37 


P.P. 


33 

6 

8.3 

7 

3.9 

8 

4.4 

9 

5.0 

10 

5.5 

20 

11.0 

80 

16.5 

40 

22.0 

50 

27.6 

32 

8.2 
8.7 
4.3 
4.8 
5,3 
10.7 
16.0 
21.3 
26.7 


27 

2.7 
3.2 
3.6 
4.1 
4.5 
9.0 
13.5 
18.0 
22.5 


26 

2.6 
3.0 
3.6 
3.9 
4.8 
8.7 
13.0 
17.3 
21.7 


7 

0.7 
0.8 
0.9 
1.1 
1.2 
2.3 
3.5 
4.7 
5.8 


e 

6 

0.6 

7 

0.7 

8 

0.8 

9 

0.9 

10 

1.0 

20 

2.0 

30 

3.0 

40 

4.0 

50 

5.0 

s 

0.5 
0.6 
0.7 
0.8 
0.8 
1.7 
2.6 
3.8 
4.2 


P.P. 
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/ 

L.  Sin. 

d. 

L.Tang. 

d.c. 

L.Cotg. 

L.  Ck)8. 

d. 

60 

P.P. 

0 

9.64184 

9.68818 

0.31182 

9.96866 

1 

9.64210 

26 

9.68850 

32 

0.81150 

9.96360 

6 

69 

2 

9.64236 

26 

9.68882 

32 

0.81118 

9.95364 

6 

68 

3 

9.64262 

26 

9.68914 

82 

0.31086 

9.96348 

6 

67 

82  *  •' 

3.1 
3.6 
4.1 

4 

9.64288 

26 
25 

9.68946 
9.68978 

32 
32 

0.31054 

9.96341 

7 
6 

56 

6 

7 
8 

3.7 
4.3 

5 

9.64313 

0.81022 

9.95336 

65 

6 

9.64839 

26 

9.69010 

32 

0.80990 

9.95329 

6 

64 

9 

4.8 

4.7 

7 

9.64S66 

26 

9.69042 

32 

0.30958 

9.96323 

6 

63 

10 

5.3 

h.1 

8 

9.64391 

26 

9.69074 

32 

0.80926 

9.96317 

6 

62 

20 

lft.7 

10.3 

9 

9.64417 

26 
25 

9.69106 

32 
32 

0.30894 

9.96310 

7 
6 

61 
50 

30  16.6 
40  21.3 

15.5 
20.7 

10 

9.64442 

9.69138 

0.30862 

9.95804 

11 

9.64468 

26 

9.69170 

3? 

0.30830 

9.96298 

6 

49 

50  26.7 

25.8 

12 

9.64494 

26 

9.69202 

32 

0.30798 

9.95292 

6 

48 

18 

9.64519 

25 

9.69234 

82 

0.30766 

9.96286 

6 

47 

14 

9.64545 

26 
26 

9.69266 
9.69298 

82 
32 

0.30734 

9.96279 

7 
6 

46 
45 

28 

15 

9.64571 

0.80702 

9.95278 

61  2.6 

16 

9.64596 

25 

9.69329 

31 

0.80671 

9.96267 

6 

44 

: 

3.0 

17 

9.64622 

26 

9.69361 

32 

0.80689 

9.96261 

6 

43 

€ 

3.5 

18 

9.64647 

25 

9.69393 

32 

0.30607 

9.96264 

7 

42 

S 

3.9 

19 

9.64673 

26 
25 

9.69426 

32 
82 

0.30675 

9.96248 

6 

6 

41 

10 

4.3 

20 

9.64698 

9.69467 

0.30543 

9.95242 

40 

20 

8.7 

21 

9.64724 

26 

9.69488 

81 

0.30512 

9.96236 

6 

39 

2f\ 

13.0 

22 

9.64749 

25 

9.69520 

32 

0.30480 

9.96229 

7 

38 

4k 

17.3 

23 

9.64776 

26 

9.69552 

32 

0.30448 

9.96223 

6 

87 

6C 

21.7 

24 

9.64800 

25 
26 

9.69584 

32 
31 

0.30416 

9.96217 

6 

6 

86 

25 

9.64826 

9.69615 

0.30385 

9.96211 

85 

26 

9.64851 

25 

9.69647 

32 

0.30353 

9.96204 

7 

84 

25 

27 

9.64877 

26 

9.69679 

32 

0.30321 

9.95198 

6 

83 

6 

2.5 

28 

9.64902 

25 

9.69710 

31 

0.30290 

9.95192 

6 

32 

7 

2.9 

29 

9.64927 

25 
26 

9.69742 

32 
32 

0.30258 

9.95186 

7 
6 

31 

8 
9 
10 
20 
30 
40 
50 

3.3 
3.8 
4.2 
8.3 
12.5 
16.7 
2n.« 

30 

9.64953 

9.69774 

0.30226 

9.95179 

SO 

31 
32 

9.64978 
9.65003 

25 
25 

9.69805 
9.69837 

31 
82 

0.30196 
0.30163 

9.96173 
9.96167 

6 
6 

29 
28 

33 

9.65029 

26 

9.69868 

81 

0.30132 

9.95160 

7 

27 

34 

9.65054 

25 
25 

9.69900 
9.69932 

82 
32 

0.30100 

9.95154 

6 
6 

26 
25 

35 

9.65079 

0.80068 

9.95148 

36 

9.65104 

25 

9.69963 

31 

0.30037 

9.95141 

7 

24 

37 

9.65130 

26 

9.69995 

32 

0.80005 

9.95135 

6 

28 

38 

9.65155 

25 

9.70026 

31 

0.29974 

9.95129 

6 

22 

24 

39 

9.65180 

25 
25 

9.70058 
9.70089 

32 
31 

0.29942 

9.95122 

'7 
6 

21 
20 

6 
7 
g 

2.8 
3.2 

40 

9.65205 

0.29911 

9.95116 

41 

9.65230 

25 

9.70121 

32 

0.298V9 

9.95110 

6 

19 

9 

3!(» 

42 

9.65255 

S^ 

9.70152 

81 

0.29848 

9.95103 

7 

18 

10 

4.0 

43 

9.65281 

26 

9.70184 

32 

0.29816 

9.95097 

6 

7 
6 

17 

20 

8!o 

44 
45 

9.65306 

25 
25 

9.70215 
9.70247 

31 
32 

0.29786 

9.95090 

16 

30 
40 

12.0 
16.0 

9.65331 

0.29753 

9.95084 

15 

46 

9.65356 

25 

9.70278 

31 

0.29722 

9.95078 

6 

7 

14 

SO 

20.0 

47 

9.65381 

25 

9.70309 

31 

0.29691 

9.95071 

13 

48 

9.65406 

25 

9.70341 

32 

0.29659 

9.95065 

6 

12 

49 

9.65431 

25 
25 

9.70372 
9.70404 

81 
82 

0.29628 

9.95059 

6 

7 
6 

7 

11 
10 

7  I 

6 
0.6 

50 

9.65456 

0.29596 

9.95052 

6 

0.7 

51 

9.65481 

25 

9.70435 

31 

0.29565 

9.95046 

9 

7 

0.8 

0.7 

52 

9.65506 

25 

9.70466 

31 

0.29534 

9.95039 

8 

8 

M 

0.8 

53 

9.65531 

25 

9.70498 

32 

0.29502 

9.95033 

6 

7 

9 

l.l 

0.9 

54 
55 

9.65556 

25 
24 

9.70529 
9.70560 

31 
31 

0.29471 

9.96027 

6 
7 

6 

10 
20 

1.2 
2.3 

1.0 
2.0 

9.65580 

0.29440 

9.95020 

6 

56 

9.65605 

26 

9.70592 

32 

0.29408 

9.95014 

S 

4 

80 

8.5 

3.0 

57 

9.65630 

25 

9.V0623 

31 

0.29377 

9.95007 

7 

3 

40 

4.7 

4.0 

58 

9.65655 

25 

9.70654 

31 

0.29346 

9.95001 

6 

2 

50 

S.8 

6.0 

59 

9.65680 

25 
25 

9.70685 

31 
32 

0.29315 

9.94996 

6 

7 

1 
0 

T 

9.65705 

9.70717 

0.29283 

9.94988 

L.  Cos. 

d. 

L.  Cotg. 

d.c. 

L.Tang. 

L.  Sin. 

d. 

' 

P.P. 
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51^ 


9.65952 
9.65976 
9.66001 
9.66025 
9.66050 


9.66076 
9.66099 
9.66124 
9.66148 
9.66173 


9.66197 
9.66221 
9.66246 
9.66270 
9.66295 


9.66441 
9.66465 


9.66513 
9.66537 


54 


9.66922 
9.66946 
9.66970 
9.66994 
9.67018 


9.97161 
L.  Cos. 


d. 


L.Tang. 

9.70717 
9.70748 
9.70779 
9.70810 
9.70641 


9.71184 
9.71215 
9.71246 
9.71277 
9.71308 


9.71339 
9.71370 
9.71401 
9.71431 

9.71462 


9.71493 
9.71524 
9.71555 
9.71586 
9.71617 


9.71648 
9.71679 
9.71709 
9.71740 
9.71771 


9.72109 
9.72140 
9.72170 
9.72201 
9.72231 


9.72262 
9.72293 
9.72323 
9.72354 
9.72384 
9.72415 
9.72445 
9.72476 
9.72506 
9.72537 
"9.72567 
L.  Gotg. 


d.  c. 

31 
31 
31 
31 
32 
31 
31 
31 
31 
31 
31 
31 
31 
32 
31 
31 
31 
31 
31 
31 
31 
31 
30 
31 
31 
31 
31 
31 
31 
31 
31 
30 
31 
31 
31 
31 
30 
31 
31 
30 
31 
31 
31 
30 
31 
31 
30 
31 
30 
31 
31 
30 
31 
30 
31 
30 
31 
30 
31 
30 


d.c. 


L.  Cotg. 
0.29283 
0.29252 
0.29221 
0.29190 
0.29159 


0.29127 
0.29096 
0.29065 
0.29034 
0.29003 


0.28972 
0.28941 
0.28910 
0.28879 
0.28847 


0.28816 
0.28785 
0.28754 
0.28723 
0.28692 


0.28661 
0.28630 
0.28599 
0.28569 
0.28538 


0.28507 
0.28476 
0.28445 
0.28414 
0.28383 
0.28352 
0.28321 
0.28291 
0.28260 
0.28229 


0,28198 
0.28167 
0.28137 
0.28106 
0.28075 


0.28045 
0.28014 
0.27983 
0.27952 
0.27922 
0^27891 
0.27860 
0.27830 
0.27799 
0.27769 


0.27738 
0.27707 
0.27677 
0.27646 
0^616 
"0.27586 
0.27555 
0.27524 
0.27494 
0.27463 


^.27433 
L.Tang, 


L.  Cos.  d. 


9.94988 
9.94982 
9.94975 


9.94962 


9.94956 
9.94949 
9.94943 


9.94930 


9.94923 
9.94917 
9.94911 
9.94904 
9.94898 


9.94891 
9.94885 
9.94878 
9.94871 
9.94865 


9.94858 
9.94852 
9.94845 


9.94826 
9.94819 
9.94813 
9.91806 
9.94799 


9.94793 
9.94786 
9.94780 
9.94773 
9.94767 


9.94760 
9.94753 
9.94747 
9.94740 
9.94734_ 
9.94727 
9.94720 
9.94714 
9.94707 
9.94700 


9.94694 
9.94687 
9.94680 
9.94674 
9.94667 


9.94660 
9.94654 
9.94647 
9.94640 
9.94634 


9.94627 
9.94620 
9.94614 
9.94607 
9.94600 


9^94593 

L.  Sin.   d. 


37 


P.P. 


32 

6 

3.2 

7 

8.7 

8 

4.3 

9 

4.8 

10 

6.3 

20 

10.7 

30 

16.0 

40 

21.3 

50 

26.7 

31 

3.1 
3.6 
4.1 
4.7 
5.2 
10.3 
15.5 
20.7 
25.8 


30 

3.0 
3.5 
4.0 
4.5 
5.0 
10.0 
15.0 
20.0 
26.0 


23 

6 

2.5 

7 

2.9 

8 

3.3 

9 

3.8 

10 

4.2 

20 

8.3 

30 

12.6 

40 

16.7 

50 

20.8 

24 

2.4 
2.8 
3.2 
3.6 
4.0 
8.0 
12.0 
16.0 
20.0 


23 

2.3 
2.7 
3.1 
3.6 
3.8 
7.7 
11.5 
16.3 
19.2 


7 

6 

0.7 

7 

0.8 

8 

0.9 

9 

1.1 

10 

1.2 

20 

2.3 

30 

3.5 

40 

4.7 

50 

5.8 

6 

0.6 
0.7 
0.8 
0.9 
1.0 
2.0 
3.0 
4.0 
5.0 


P.P. 
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L.8iii, 


L.Tang. 


d.c. 


L.  Cotg. 


L.  Cos.  d. 


P.P. 


20 

21 

22 
•23 
24 
25 
26 
27 
28 
29 


30 
31 

32 
33 
34 


40 

41 
42 
43 
44 


50 

51 
62 
53 
54 


9.67161 
9.67185 
9.67208 
9.67232 
9.67256 


9.67280 
9.67303 
9.67327 
9.67360 
9.67374 


9.67398 
9.67421 
9.67445 
9.67468 
9.67492 


9.67515 
9.67539 
9.67662 
9.67586 
9.67609 


9.67866 
9.67890 
9.67913 
9.67936 
9.67959 


9.67982 
9.68006 
9.68029 
9.68052 
9.68075 


9.68098 
9.68121 
9.68144 
9.68167 
9.68190 


9.68213 
9.68237 
9.68260 
9.68283 


9.68328 
9.68351 
9.68374 
9.68397 
9.68420 


9.68443 
9.68466 
9.68489 
9.68512 
9.68534 
9.68557 
L.Cos. 


9.72872 
9.72902 
9.72932 
9.72963 
9.72993 


9.73326 
9.73356 
9.73386 
9.73416 
9.73446 


9.73476 
9.73507 
9.73537 
9.73567 
9.73597 


9.73627 
9.73657 
9.73687 
9.73717 
9.73747 


9.73777 
9.73807 
9.73837 
9.73867 
9.73897 


9.73927 
9.73957 
9.73987 
9.74017 
9.74047 


9.74077 
9.74107 
9.74137 
9.74166 
9.74196 


9.74226 
9.74256 
9.74286 
9.74316 
9.74345 


9.74375 
L.  Cotg. 


31 
30 
31 
30 
31 
90 
30 
31 
30 
31 


d.c. 


0.27433 
0.27402 
0.27372 
0.27341 
0.27311 


9.94593 
9.94587 
9.94580 
9.94573 
9.94667 


0.27280 

9.94560 

0.27250 

9.94553 

0.27220 

9:94646 

0.27189 

9.94540 

0.27169 

9.94633 

0.27128 

9.94526 

0.27098 

9.94519 

0.27068 

9.94513 

0.27037 

9.94506 

0.27007 

9.94499 

0.26977 
0.26946 
0.26916 
0.26886 
0.26866 


9.94492 
9.94485 
9.94479 
9.94472 
9.94465 


0.: 

0.26795 
0.26765 
0.26735 
0.26705 


9.94458 
9.94451 
9.94445 
9.94438 
9.94431 


0.26674 
0.26644 
0.26614 
0.26584 
0.26554 


9.94424 
9.94417 
9.94410 
9.94404 
9.94397 


0.26624 
0.26493 
0.26463 
0.26433 
0.26403 


9.94390 


9.94376 


9.94362 


0.26373 
0.26343 
0.26313 
0.26283 
0.26253 


9.94355 
9.94349 
9.94342 
9.94335 
9.94328 


0.26223 
0.26193 
0.26163 
0.26133 
0.26103 


9.94321 
9.94314 
9.94307 
9.94300 
9.94293 


0.26073 
0.26043 
0.26013 
0.25983 
0.25953 


9.94286 
9.94279 
9.94273 
9.94266 
9.94269 


0.25923 
0.25893 
0.25863 
0.25834 
0.25804 
0.25774 
0.25744 
0.25714 
0.25684 
0.25655 


0.25625 
L.Tang. 


9.94182 
L.  Sin. 


37 


34 


Sf  I  30 

3.0 

3^ 

4.0 

4.5 

5.0 

W.0 

15.0  I 

20.0  I 

^.0 


6 

3.1 

7 

3.6 

8 

4.1 

9 

4.7 

10 

5.2 

20 

10.3 

30 

15.5 

40 

20.7 

50 

25.8 

29 

2.9 

3.4 

3.9 

4.4 

4.8 

9.7 

14.5 

19.3 

24.2 


24 

6 

2.4 

7 

2.8 

8 

3.2 

9 

3.6 

10 

4.0 

20 

8.0 

30 

12.0 

40 

16.0 

60 

20.0 

23 

2.3 

2.7 

3.1 

3.5 

3.8 

7.7 

11.5 

15.3 

19.2 


22 

2.2 

2.6 

2.9 

3.3 

3.7 

7.3 

11.0 

14.7 

18.3 


P.P. 
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5 

9.68671 

6 

9.68694 

7 

9.68716 

8 

9.68739 

9 

9.68762 

10 

9.68784 

11 

9.68807 

12 

9.68829 

13 

9.68852 

14 

9.68875 

15 

9.68897 

16 

9.68920 

17 

9.68942 

18 

9.68965 

19 

9.68987 

L.  Sin. 


9.68557 
9.68580 
9.68603 


9.69010 
9.69032 
9.69055 
9.69077 
9.69100 


9.69122 
9.69144 
9.69167 


9.69212 


9.69234 
9.69256 
9.69279 
9.69301 


9.69345 
9.69368 


9.69412 
9.69434 


9.69479 
9.69501 
9.69523 
9.69545 


9.69567 


9.69677 
9.69699 
9.69721 
9.69743 
9.69765 


9.69787 


9.69831 


9.69875 


L.C08. 


23 
22 
23 
23 
23 
22 
23 
23 
22 
23 
22 
23 
23 
22 
23 
22 
23 
22 
23 
22 
23 
22 
23 
22 
22 
23 
22 
23 
22 
22 
23 
22 
22 
22 
23 
22 
22 
22 
22 
23 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 


L.Taiig. 


9.74821 
9.74851 
9.74880 
9.74910 
9.74939 


9.74969 
9.74998 
9.75028 
9.76058 
9.75087 


9.75117 
9.75146 
9.75176 
9.75205 
9.75235 


9.75264 
9.75294 
9.75323 
9.75353 
9.75382 


9.75411 
9.75441 
9.75470 
9.75500 
9.75529 


9.75558 
9.75588 
9.75617 
9.75647 
9.75676 


9.76705 
9.75735 
9.76764 
9.75793 
9.75822 


9.7^144 
L.Cotg. 


d.  c.  L.  Cotg. 


29 
30 
30 
29 
30 


30 
29 
30 
30 
29 
30 
29 
30 
29 
30 
30 
29 
30 


29 
30 
29 
30 
29 
30 
29 
29 
30 
29 
30 
29 
29 
30 
29 
30 
29 
29 
30 
29 
29 
29 
30 
29 
29 
29 
30 
29 
29 
29 
30 
29 
29 

dTcT 


0.25625 
0.25595 
0.25565 
0.25535 
0.25506 


0.25476 
0.25446 
0.25417 
0.25387 
0^25357 
0.25327 
0.25298 
0.25268 
0.25238 
0.25209 


0.24442 
0.24412 
0.24383 
0.24353 
0.24324 


0.23856 
L.Tang. 


L.  Cos. 


9.94182 
9.94175 
9.94168 
9.94161 
9.94154 


9.94147 
9.94140 
9.94133 
9.94126 
9.94119 


9.94112 
9.94105 
9.94098 
9.94090 
9.94083 


0.25179 

9.94076 

0.25149 

9.94069 

0.25120 

9.94062 

0.25090 

9.94055 

0.25061 

9.94048 

0.25031 

9.94041 

0.25002 

9.94034 

0.24972 

9.94027 

0.24942 

9.94020 

0.24913 

9.94012 

0.24883 

9.94005 

0.24854 

9.93998 

0.24824 

9.93991 

0.24795 

9.93984 

0.24765 

9.93977 

0.24736 

9.93970 

0.24706 

9.93963 

0.24677 

9.93955 

0.24647 

9.93948 

0.24618 

9.93941 

0.24589 

9.93934 

0.24559 

9.93927 

0.24530 

9.93920 

0.24500 

9.93912 

0.24471 

9.93905 

9.93891 


9.93876 


0.24295 

9.93862 

0.24265 

9.93855 

0.24236 

9.93847 

0.24207 

993840 

0.24178 

9.93833 

0.24148 

9.93826 

0.24119 

9.93819 

0.24090 

9.93811 

0.24061 

9.93804 

0.24031 

9.93797 

0.24002 

9.93789 

0.23973 

9.93782 

0.23944 

9.93775 

0.23914 

9.93768 

0.23885 

9.93760 

L.  Sin. 


d. 


37 


P.P. 


8 

6 

0.8 

7 

0.9 

8 

1.1 

9 

1.2 

10 

1.3 

20 

2.7 

30 

4.0 

40 

5.3 

50 

6.7 

P.P. 
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30° 


d. 


22 
22 

22 
21 
22 
22 
22 
22 
21 
22 
22 
22 
21 
22 
22 
21 
22 
21 
22 
22 
21 
22 
21 
22 
21 
22 
21 
22 
21 
22 
21 
22 
21 
22 
21 
21 
22 
21 
21 
22 
21 
21 
21 
22 
21 
21 
21 
22 
21 
21 
21 
21 
21 
22 
21 
21 
21 
21 
21 
21 


L.Tapg. 


9.76144 
9.76173 
9.76202 
9.76231 
9.76261 


9.76290 
9.76319 
9.76348 
9.76377 
9.76406 


9.76435 
9.76464 
9.76493 
9.76522 
9.76551 


9.76580 
9.76609 
9.76639 
9.76668 
9.76697 


9.76725 
9.76754 
9.76783 
9.76812 
9.76841 


9.76870 
9.76899 
9.76928 
9.76957 
9.76986 


9.77015 
9.77044 
9.77073 
9.77101 
9.77130 


9.77591 
9.77619 
9.77648 
9.77677 
9.77706 


L.  Cotg. 


d.c. 


29 

29 

29 

30 

29 

29 

29 

29 

29 

29 

29 

29 

29 

29 

29 

29 

30 

29 

29 

28 

29 

29 

29 

29 

29 

29 

29 

29 

29 

29 

29 

29 

28 

29 

29 

29 

29 

29 

28 

29  . 

29 

29 

29 

28 

29 

29 

29 

28 

29 

29 

28 

29 

29 

29 

28 

29 

28 

29 

29 

28 

d.X 


L.  Cotg. 


0.23856 
0.23827 
0.23798 
0.23769 
0.23739 


0.23710 
0.23681 
0.23652 
0.23623 
0.23594 


0.23565 
0.28536 
0.23507 
0.23478 
0.23149 


0.23420 
0.23391 
0.23361 
0.23332 
0.23303 


0.23275 
0.23246 
0.23217 
0.23188 
0.23159 


0.23130 
0.23101 
0.23072 
0.23043 
0.23014 


0.22985 
0.22956 
0.22927 
0.22899 
0.22870 


0.22841 
0.22812 
0.22783 
0.22754 
0.22726 


0.22697 
0.22668 
0.22639 
0.22610 
0.22582 


0.22553 
0.22524 
0.22495 
0.22467 
0.22438 


0.22409 
0.22381 
0.22352 
0.22323 
0.22294 


0.22266 
0.22237 
0.22209 
0.22180 
0.22151 


0.22123 
L.Tang. 


L.  Cos.  I  d. 


9.93753 
9.98746 
9.98738 
9.98731 
9.93724 


9.93717 
9.98709 
9.93702 
9.93695 


9.93680 
9.93673 
9.98665 
9.93658 


9.93643 
9.93636 
9.98628 
9.98621 
9.93614 


9.93606 
9.93599 
9.93591 
9.98584 
9.93577 


9.93569 
9.93562 
9.93554 
9.93547 
9.93539 


9.93532 
9.93525 
9.93517 
9.93510 
9.93502 


9.93495 
9.93487 
9.93480 
9.98472 
9.93465 


9.93457 
9.93450 
9.93442 
9.93435 
9.93427 


9.93420 
9.93412 
9.93405 
9.93397 
9.93390 


9.93382 
9.93375 
9.93367 
9.93360 
9.93352 


9.93344 
9.93337 
9.93329 
9.93322 
9.93314 


9^93307 
L.  Sin.' 


60 


P.P. 


30 

6 

3.0 

7 

3.5 

8 

4.0 

9 

4.5 

10 

5.0 

20 

10.0 

:«) 

15.0 

40 

20.0 

50 

25.0 

29 

2.9 

3.4 

3.9 

4.4 

4.8 

9.7 

14.5 

19.3 

24.2 


28 

2.8 
3.3 
3.7 
4.2 
4.7 
9.3 

i4.a 

18.7 
23.8 


22 

2.2 

2.6 

2.9 

3.3 

3.7 

7.3 

11.0 

14.7 

18.3 


21 

6 

2.1 

7 

2.5 

8 

2.8 

9 

3.2 

10 

3.5 

20 

7.0 

30 

10.5 

40 

14.0 

50 

17.5 

8 

6 

0.8 

7 

0.9 

8 

1.1 

9 

1.2 

10 

1.3 

20 

2.7 

30 

4.0 

40 

5.3 

50 

6.7 

7 

0.7. 
0.8 
0.9 
1.1 
1.2 
2.3 
8.5 
4.7 
5.8 


P.P. 
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623 


Lu  Sin. 


9.71184 
9.71205 
9.71226 
9.71247 
9.71268 


9.71289 
9.71310 
9.71331 
9.71352 
9.71373 


9.71898 
9.71414 
9.71435 
9.71456 
9.71477 


9.71498 
9.71619 
9.71589 
9.71560 
9.71581 


9.71602 
9.71622 
9.71643 
9.71664 
9.71685 


9.71705 
9.71726 
9.71747 
9.71767 
9.71788 


9.71809 
9.71829 
9.71860 
9i71870 
9.71891 


9.71911 
9.71932 
9.71952 
9.71973 
9.71994 


9.72014 
9.72034 
9.72055 
9.72075 
9.72096 
9.72116 
9.72137 
9.72157 
9.72177 
9.72198 


9.72218 
9.72238 
9.72259 
9.72279. 
9.72299 


9.72320 
9.72340 
9.72360 
9.72381 
9.72401 


9.72421 


L.Cos. 


d. 


L.Taug. 


9.77877 
9.77906 
9.77935 
9.77963 
9.77992 


9.78020 

9.78049 
9.78077 
9.78106 
9.78136 


9.78163 
9.78192 
9.78220 
9.78249 
9.78277 


9.78306 
9.78334 
9.78363 
9.78391 
9.78419 


9.78448 
9.78476 
9.78505 
9.78533 
9.78562 


9.78590 
9.78618 
9.78647 
9.78675 
9.78704 


9.78732 
9.78760 
9.78789 
9.78817 
9.78845 


9.78874 
9.78902 
9.78930 
9.78959 
9.78987 


9.79297 
9.79326 
9.79354 
9.79382 
9.79410 


9.79438 
9.79466 
9.79495 
9.79523 
9.79551 


9.79579 


L.  Cotg. 


d.c. 

29 
29 
28 
29 
28 
29 
28 
29 
29 
28 
29 
28 
29 
28 
29 
28 
29 
28 
28 
29 
28 
29 
28 
29 
28 
28 
29 
28 
29 
28 
28 
29 
28 
28 
29 
28 
28 
29 
28 
28 
28 
29 
28 
28 
28 
29 
28 
28 
28 
28 
29 
28 
28 
28 
28 
28 
29 
28 
28 
28 


d.c. 


0.21980 
0.21951 
0.21923 
0.21894 
0.21865 


0.21837 
0.21808 
0.21780 
0.21751 
0.21723 


0.21694 
0.21666 
0.21637 
0.21609 
0.21581 


0.21552 
0.21524 
0.21495 
0.21467 
0.21438 


0.21410 
0.21382 
0.21353 
0.21325 
0.21296 


0.21268 
0.21240 
0.21211 
0.21183 
0.21155 


0.21126 
0.21098 
0.21070 
0.21041 
0.21013 


0.20985 
0.20957 
0.20928 
0.20900 
0.20872 


0.20844 
0.20815 
0.20787 
0.20759 
0.20731 


0.20703 
0.20674 
0.20646 
0.20618 
0.20590 


0.20562 
0.20534 
0.20505 
0.20477 
0.20449 


0^21^ 
L.Tang. 


L.  Cos. 


9.98307 
9.93299 
9.93291 
9.93284 
9.93276 


9.93261 
9.93253 
9.93246 


9.93223 
9.93215 
9.93207 
9.93200 


9.93192 
9.93184 
9.93177 
9.93169 
9.93161 


9.93077 


9.93061 
9.93053 
9.93046 


9.93030 
9.93022 
9.93014 
9.98007 


9.92999 
9.92991 
9.92983 
9.92976 
9.92968 


9.92960 
9.92952 
9.92944 
9.92936 
9.92929 


9.92921 
9.92913 
9.92905 
9.92897 
9.92889 


9.92881 
9.92874 


9.92858 
9.92850 


9^9284^ 

L.  Sin.   d, 


d. 


P.P. 


8 

6 

0.8 

7 

0.9 

8 

1.1 

9 

1.2 

10 

1.3 

20 

2.7 

30 

4.0 

40 

5.3 

50 

6.7 

P.P. 
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20 

21 
22 
23 
24 


30 

31 
32 


36 
37 
38 
39 

40 

41 
42 
43 
J4 
45 
46 
47 
48 
49 


50 

51 
52 
53 
54 
55 
56 
57 
58 


L.  Sin. 


9.72421 
9.72441 
9.72461 
9.72482 
9.72502 


9.72522 
9.72542 
9.72562 
9.72582 
9.72602 


9.72622 
9.72643 
9.72663 
9.72683 
9.72703 


9.72723 
9.72743 
9.72763 
9.72783 
9.72803 


9.72823 
9.72843 
9.72863 
9.72883 
9.72902 


9.72922 
9.72942 
9.72962 
9.72982 
9.73002 


9.73022 
9.73041 
9.73061 
9.73081 
9.73101 


9.73416 
9.73435 
9.73455 
9.73474 
9.73494 


9.73513 
9.73533 
9.73552 
9.73572 
9.73591 


9.78611 


L.Cos. 


d. 


L^ang. 
9.79579 
9.79607 
9.79635 
9.79663 
9.79691 


9.79719 
9.79747 
9.79776 
9.79804 
9.79832 


9.79860 
9.79888 
9.79916 
9.79944 
9.79972 


9.80419 
9.80447 
9.80474 
9.80502 
9.80530 


9.80558 
9.80586 
9.80614 
9.80642 
9.80669 


9.80697 
9.80725 
9.80753 
9.80781 
9.80808 


9.80836 
9.80864 
9.80892 
9.80919 
9.80947 


9.80975 
9.81003 
9.81030 
9.81058 
9.81086 
9.81113 
9.81141 
9.81169 
9.811% 
9.81224 
9.81252 
I^.  Cotg. 


d.c^ 

28 
28 
28 
28 
28 
28 
29 
28 
28 
28 
28 
28 
28 
28 
28 
26 
28 
28 
28 
28 
28 
27 
28 
28 
28 
28 
28 
28 
28 
28 
28 
27 
28 
28 
28 
28 
28 
28 
27 
28 
28 
28 
28 
27 
28 
28 
28 
27 
28 
28 
28 
27 
28 
28 
27 
28 
28 
27 
28 
28 


d.c. 


L.  Cotg. 


0.20421 
0.20393 
0.20365 
0.20337 
0.20309 


0.20281 
0.20253 
0.20224 
0.20196 
0.20168 


0.20140 
0.20112 
0.20084 
0.20056 
0.20028 


0.20000 
0.19972 
0.19944 
0.19916 

0.: 


0.19860 
0.19832 
0.19805 
0.19777 
0.19749 


0.19721 
0.19693 
0.19665 
0.19637 
0.19609 


0.19581 
0.19553 
0.19526 
0.19498 
0.19470 


0.19442 
0.19414 
0.19386 
0.19358 
0.19331 


0.19303 
0.19275 
0.19247 
0.19219 
0.19192^ 


0.19164 
0.19136 
0.19108 
0.19081 
0.19053 


0.19025 
0.18997 
0.18970 
0.18942 
0.18914 


0.18887 
0.18859 
0.18831 
0.18804 
0.18776 


0.18748 


L.Tang. 


L.  Cos.  d. 


9.92763 
9.92755 
9.92747 
9.92739 
9.92731 


9.92723 
9.92715 
9.92707 
9.92699 
9.92691 


9.92683 
9.92675 
9.92667 
9.92659 
9.92651 


9.92643 
9.92635 
9.92627 
9.92619 
9.92611 


9.92603 
9.92595 
9.92587 
9.92579 
9.92571 


9.92563 
9.92555 
9.92546 
9.92538 
9.92530 


9.92522 
9.92514 
9.92506 
9.92498 
9.92490 


9.92482 
9.92473 
9.92465 
9.92457 
9.92449 


9.92441 
9.92433 
9.92425 
9.92416 
9.92408 


9.92400 
9.92392 
9.92384 
9.92376 
9.92367 


9.92359 


L.  Sin. 


d. 


37 


34 


P.P. 


29 

2S 

6 

2.9 

2.8 

7 

3.4 

3.3 

8 

3.9 

3.7 

9 

4.4 

4.2 

10 

4.8 

4.7 

20 

9.7 

9.3 

30 

14.5 

14.0 

40 

19.3 

18.7 

50 

24.2 

23.3 

27 

2.7 

3.2 

3.6 

4.1 

4.5 

9.0 

13.5 

18.0 

22.6 


21 

2.1 

2.5 

2.8 

3.2 

3.5 

7.0 

10.5 

14.0 

17.5 


20 

2.0 
2.3 
2.7 
3.0 
3.3 
6.7 
10.0 
13.3 
16.7 


It 

1.9 
2.2 
2.5 
2.9 
3.2 
6.3 
9.5 
12.7 
15.8 


9 

8 

6 

,0.9 

0.8 

7 

1.1 

0.9 

8 

1.2 

1.1 

9 

1.4 

1.2 

10 

1.5 

1.3 

20 

8.0 

2.7 

30 

4.5 

4.0 

40 

6.0 

5.3 

50 

7.5 

6.7 

P.P. 
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L.Sin. 


9.73611 
9.73630 
9.73650 
9.73669 
9.73689 


5 

9.73708 

6 

9.73727 

7 

9.73747 

8 

9.73766 

9 

9.73785 

10 

9.73805 

11 

9.73824 

12 

9.73843 

13 

9.73863 

14 

9.73882 

9.73901 
9.73921 
9.73940 
9.73959 
9^73978 
9.73997 
9.74017 
9.74036 
9.74055 
9.74074 


9.74093 
9.74113 
9.74132 
9.74151 
9.74170 


9.74189 
9.74208 
9.74227 
9.74246 
9.74265 


9.74284 
9.74303 
9.74322 
9.74341 
9.74360 


9.74379 
9.74398 
9.74417 
9.74436 
9.74455 


9.74474 
9.74493 
9.74512 
9.74531 
9.74549 


9.74568 
9.74587 
9.74606 
9.74625 
9.74644 


9.74662 
9.74681 
9.74700 
9.74719 
9.74737 
9.74756 
L.  Cos. 


d. 


19 
20 
19 
20 
19 
19 
20 
19 
19 
20 
19 
19 
20 
19 
19 
20 
19 
19 
19 
19 
20 
19 
19 
19 
19 
20 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
18 
19 
19 
19 
19 
19 
18 
19 
19 
19 
18 
19 


L.Tang. 


9.81252 
9.81279 
9.81307 
9.81335 
9.81362 


9.81390 
9.81418 
9.81445 
9.81473 
9.81500 


9.81803 
9.81831 
9.81858 
9.81886 
9.81913 


9.81941 
9.81968 
9.81996 
9.82023 
9.82051 
9.82078 
9.82106 
9.82133 
9.82161 
9.82188 
9.82215 
9.82243 
9.82270 
9.82298 


9.82352 
9.82380 
9.82407 
9.82435 
9.82462 


9.82517 
9.8-2544 
9.82571 
9.82599 


d.c. 


27 
28 
28 
27 
28 
28 
27 
28 
27 
28 
28 
27 
28 
27 
28 
27 
28 
27 
28 
27 
28 
27 
28 
27 
28 
27 
28 
27 
28 
27 
28 
27 
28 
27 
27 
28 
27 
28 
27 
27 
28 
27 
28 
27 
27 
28 
27 
27 
28 
27 
27 
28 
27 
27 
27 
28 
27 
27 
27 
28 

"dTcT 


L.  Cotg. 


0.18748 
0.18721 
0.18693 
0.18665 
0. 


0.18610 

9.92318 

0.18582 

9.92310 

0.ia555 

9.92302 

0.18527 

9.92293 

0.18500 

9.92285 

0.18472 

9.92277 

0.18444 

9.92269 

0.18417 

9.92260 

0.18389 

9.92252 

0.18362 

9.92244 

0.18334 

9.92235 

0.18307 

9.92227 

0.18279 

9.92219 

0.18252 

9.92211 

0.18224 

9.92202 

0.18197 

9.92194 

0.18169 

9.92186 

0.18142 

9.92177 

0.18114 

9.92169 

0.18087 

9.92161 

0.18059 
0.18032 
0.18004 
0.17977 
0.17949 


0.17922 
0.17894 
0.17867 
0.17839 
0.17812 


0.17785 
0.17757 
0.17730 
0.17702 
0.17675 


0.17648 
0.17620 
0.17593 
0.17565 
0.17538 


0.17511 
0.17483 
0.17456 
0.17429 

o.n4m 

0.17374 
0.17347 
0.17319 
0.17292 
0.17265 


0.17238 
0.17210 
0.17183 
0.17156 
0.17129 
0.17101 
L.Tang. 


L.COB. 


9.92369 
9.92351 
9.92343 
9.92335 
9.92326 


9.92152 
9.92144 
9.92136 
9.92127 
9.92119 


9.92111 
9.92102 
9.92094 


9.92077 


9.92060 
9.92052 
9.92044 
9.92035 


9.92027 
9.92018 
9.92010 
9.92002 


9.91985 
9.91976 
9.91968 
9.91959 
9^1951_ 
9.91942 
9.91934 
9.91925 
9.91917 
9.91908 


9.91900 
9.91891 
9.91883 
9.91874 
9^866 
9.91857 
L.  Sin. 


d. 


P.P. 


28 

6 

2.8 

7 

3.3 

8 

3.7 

9 

4.2 

10 

4.7 

20 

9.3 

30 

14.0 

40 

18.7 

50 

23.3 

27 

2.7 
3.2 
3.6 
4.1 
4.5 
9.0 
13.5 
18.0 
22.6 


20 

2.0 

2.3 

2.7 

3.0 

3.3 

6.7 

10.0 

13.3 

16.7 


19 

1.9 
2.2 
2.5 
2.9 
3.2 
6.3 
9.5 
12.7 
15.8 


18 
1.8 
2.1 
2.4 
2.7 
3.0 
6.0 
9.0 
12.0 
15.0 


9 

6 

0.9 

7 

1.1 

8 

1.2 

9 

1.4 

10 

1.5 

20 

3.0 

30 

4.5 

40 

6.0 

50 

7.5 

8 

0.8 
0.9 
1.1 
1.2 
1.3 
2.7 
4.0 
5.3 
6.7 


P.P. 
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L.Tang. 


d.c. 


L.C!otg. 


L.C08. 


P.P. 


9.82899 
9.82926 
9.82953 


9.83008 


9.83035 
9.88062 
9.83089 
9.83117 
9.83144 


9.83171 
9.83198 
9.83225 
9.83252 
9.83280 


9.83334 
9.83361 


9.83415 


9.83849 
9.83876 
9.83903 
9.83930 
9.83957 


9.84011 
9.84038 
9.84065 
9.84092 


9.84119 
9.84146 
9.84173 
9.84200 
9.84227 


9.84254 
9.84280 
9.84307 
9.84334 
9.84361 


9.84388 
9.84415 
9.84442 
9.84469 
9.84496 


9.84523 
L.  Cotsr. 


27 
27 
27 
28 
27 
27 
27 
28 
27 
27 
27 
27 
27 
28 
27 
27 
27 
27 
27 
27 
28 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
28 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
26 
27 
27 
27 
27 
27 
27 
27 
27 
27 


0.17101 
0.17074 
0.17047 
0.17020 
0.16992 


9.91857 
9.91849 
9.91840 
9.91832 
9.91823 


0.16965 
0.16938 
0.16911 
0.16883 
0.16856 


9.91815 
9.91806 
9.91798 
9.91789 
9.91781 


0.16829 
0.16802 
0.16T75 
0.16748 
0.16720 


9.91772 
9.91763 
9.91755 
9.91746 
9.91738 


0.16693 
0.16666 
0.16639 
0.16612 
0.16585 


9.91729 
9.91720 
9.91712 
9.91703 
9.91695 


0.16558 
0.16530 
0.16503 
0.16476 
0.16449 


9.91686 
9.91677 


9:91660 
9.91651 


0.16422 
0.16395 
0.16368 
0.16341 
0.16314 


9.91643 
9.91634 
9.91625 
9.91617 
9.91608 


0.16287 
0.16260 
0.16232 
0.16205 
0.16178 


9.91599 
9.91591 
9.91582 
9.91573 
9.91565 


0.16151 
0.16124 
0.16097 
0.ie070 
0.16043 


9.91556 
9.91547 
9.91538 
9.91530 
9.91521 


0.16016 
0.15969 
0.15962 
0.15935 
0.15908 


9.91512 
9.91504 
9.91495 
9.91486 
9.91477 


0.15881 
0.15854 
0.15827 
0.15800 
0.15773 


9.91469 
9.91460 
9.91451 
9.91442 
9.91433 


0.15746 
0.15720 
0.15693 
0.15666 
0.15639 


9.91425 
9.91416 
9.91407 
9.91398 
9.91389 


0.15612 
0.15585 
0.15558 
0.15531 
0.15504 


0.15477 
L.Tang. 


9.91381 
9.91372 
9.91363 
9.91354 
9.91345 
9.91336 
L.  Sin. 


37 


28 

6 

2.8 

7 

8.3 

8 

8.7 

9 

4.2 

10 

4.7 

20 

9.3 

30 

14.0 

40 

18.7 

50 

23.3  i 

27 

2.7 

3.2 

3.6 

4.1 

4.5 

9.0 

18.5 

18.0 

22.5 


9 

6 

0.9 

7 

1.1 

8 

1.2 

9 

1.4 

10 

1.5 

20 

8.0 

30 

4.5 

40 

6.0 

50 

7.5 

26 

2.6 
8.0 
3.5 
3.9 

4.3 
8.7 
13.0 
17.3 
21.7 


19 
1.9 
2.2 
2.5 
2.9 
3.2 
6.3 
9.5 
12.7 
15.8 


IS 

1.8 
2.1 
2.4 
2.7 
3.0 
6.0 
9.0 
12.0 
15.0 


8 

0.8 
0.9 
1.1 
1.2 
1.8 
2.7 
4.0 
6.3 
6.7 


P.P. 
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52 


L.Sin. 


9.75859 
9.75877 
9.75895 
9.75913 
9.75«31 


9.76049 
9.75067 
9.75985 
9.76003 
9.76021 


9.76039 
9.76057 
9.76075 
9.76093 
14     9.76111 


9.76129 
9.76146 
9.76164 
9.76182 
9.76200 


24  9.7 


9.76218 
9.76236 
9.76253 
9.76271 


25  9.76307 

26  9.76324 

27  9.76342 
9.76860 
9.76378 


9.76395 
9.76413 
9.76431 
9.76448 
9.76466 


9.76484 
9.76501 
9.76519 
9.76537 
9.76554 


9.76572 
9.76590 
9.76607 
9.76625 
9.76642 


9.76677 


9.76712 
9.76730 


9.76747 
9.76765 
9.76782 
9.76800 
9.76817 


9.76852 
9.76870 
58  9.76887 


60 


9.76922 
L.  Cos. 


L.Tang. 
9.84523 
9.84550 
9.84576 
9.84603 
9.84630 


I  d.c. 


L.  Cotg. 


9.84657 
9.84684 
9.84711 
9.84738 
9.84764 


9.85059 
9.85086 
9.85113 
9.85140 
9.85166 


9.85193 
9.85220 
9.85247 
9.85273 
9.85300 


9.85327 
9.85354 
9.85380 
9.85407 
9.85434 


9.85460 
9.85487 
9.85514 
9.85540 
9.85567 


9.85993 
9.86020 
9.86046 
9.86073 
9.86100 
9.86126 
L.  Cotg. 


27 
26 
27 
27 
27 
27 
27 
27 
26 
27 
27 
27 
27 
27 
26 
27 
27 
27 
27 
26 
27 
27 
27 
26 
27 
27 
27 
26 
27 
27 
27 
26 
27 
27 
26 
27 
27 
26 
27 
27 
26 
27 
27 
26 
27 
27 
26 
27 
27 
26 
27 
26 
27 
27 
26 
•  27 
26 
27 
27 
26 


0.15477 
0.15450 
0.15424 
0.15397 
0.15370 


0.14406 
0.14380 
0.14353 
0.14326 
0.14300 


0.14273 
0.14246 
0.14220 
0.14193 
0.14166 


L.Tang. 


L.  CkM.  d. 


9.91336 
9.91328 
9.91319 
9.91310 
9.91301 


0.15343 

9.91292 

0.15316 

9.91283 

0.15289 

9.91274 

0.15262 

9.91266 

0.15286 

9.91257 

0.15209 

9.91248 

0.15182 

9.91239 

0.15155 

9.91230 

0.15128 

9.91221 

0.15101 

9.91212 

0.15075 

9.91203 

0.15048 

9.91194 

0.15021 

9.91185 

0.14994 

9.91176 

0.14967 

9.91167 

0.14941 

9.91158 

0.14914 

9.91149 

0.14887 

9.91141 

0.14860 

9.91132 

0.14834 

9.91123 

0.14807 

9.91114 

0.14780 

9.91105 

0.14753 

9.91096 

0.14727 

9.91087 

0.14700 

9.91078 

0.14673 

9.91069 

0.14646 

9.91060 

0.14620 

9.91051 

0.14593 

9.91042 

0.14566 

9.91033 

0.14540 

9.91023 

0.14513 

9.91014 

0.14486 

9.91005 

0.14460 

9.90996 

0.14433 

9.90987 

9.90978 
9.90969 
9.90960 
9.90951 
9.90942 


9.90933 
9.90924 
9.90915 
9.90906 
9.90896 


0.14140 

9.90887 

0.14113 

9.90878 

0.14087 

9.90869 

0.14060 

9.90860 

0.14033 

9.90851 

0.14007 

9.90842 

0.13980 

9.90832 

0.13954 

9.90823 

0.13927 

9.90814 

0.13900 

9.908a5 

0.13874 

9.90796 

L.  Sin. 


34 


P.P. 


27 

6 

2.7 

7 

3.2 

8 

3.6 

9 

4.1 

10 

4.5 

20 

9.0 

30 

13.6 

40 

18.0 

50 

22.6 

26 

2.6 

3.0 

3.5 

3.9 

4.3 

8.7 

13.0 

17.3 

21.7 


18 

1.8 
2.1 
2.4 
2.7 
3.0 
6.0 
9.0 
12.0 
15.0 


17 

1.7 
2.0 
2.3 
2.6 
2.8 
5.7 
8.5 
11.3 
14.2 


10 

1.0 
1.2 
1.3 
1.5 
1.7 
3.3 
5.0 
6.7 
8.3 


9 

6 

0.9 

7 

1.1 

8 

1.2 

9 

1.4 

10 

1.5 

20 

3.0 

30 

4.5 

40 

6.0 

50 

7.5 

8 

0.8 
0.9 
1.1 
1.2 
1.3 
2.7 
4.0 
5.3 


P.P. 


628  LOGARITHMS  OF  TRJBONOMETRIC  FUNCTIONS, 

36° 


L.  Sin. 


d. 


L.Tang. 


d.c. 


L.  Cotg. 


L.  Cos. 


d. 


P.P. 


9.76922 
9.76939 
9.76957 
9.76974 
9.76991 


9.77009 
9.77026 
9.77043 
9.77061 
9.77078 


9.77095 
9.77112 
9.77130 
9.77147 
9.77164 


15 
16 
17 
18 

20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 


9.77181 
9.77199 
9.77216 
9.77233 
9.77250 


9.77439 
9.77456 
9.77473 
9.77490 
9.77507 


9.77524 
9.77541 
9.77558 
9.77575 
9.77592 


40 

41 
42 
43 
44 


9.77609 
9.77626 
9.77643 
9.77660 
9.77677 


45 
46 
47 
48 
49^ 
50 
51 
52 
53 
54 
55 
56 
57 
58 
=^ 


9.77694 
9.77711 
9.77728 
9.77744 
9.77761 


9.77778 
9.77795 
9.77812 
9.77829 
9.77846 


9.86524 
9.86551 
9.86577 
9.86603 


L.  Cos. 


9.87580 
9.87606 
9.87633 
9.87659 
9.87685 
9.87711 
L.  Cotg. 


27 
26 
27 
26 
27 
26 
27 
26 
27 
27 
26 
27 
26 
27 
26 
27 
26 
26 
27 
26 
27 
26 
27 
26 
27 
26 
27 
26 
26 
27 
26 
27 
26 
27 
26 
26 
27 
26 
26 
27 
26 
27 
26 
26 
27 
26 
26 
27 
26 
26 
27 
26 
26 
27 
26 
26 
27 
26 
26 
26 

dTcT 


0.13874 
0.13847 
0.13821 
0.13794 
0.13768 


9.90796 
9.90787 
9.90777 
9.90768 
9.90759 


0.13741 
0.13715 
0.13688 
0.13662 
0.13635 


9.90750 
9.90741 
9.90731 
9.90722 
9.90713 


0.13606 
0.13582 
0.13555 
0.13529 
0.13602 


9.90704 
9.90694 
9.90685 
9.90676 
9.90667 


0.13476 
0.13449 
0.13423 
0.13397 
0.13370 


9.90657 
9.90648 


9.90620 


0.13344 
0.13317 
0.13-291 
0.13264 
0.13238 


9.90611 
9.90602 
9.90592 
9.90583 
9.90574 


0.13211 
0.13185 
0.13158 
0.13132 
0.13106 


9.90565 
9.90555 
9.90546 
9.90537 
9.90527 


0.13079 
0.13053 
0.13026 
0.13000 
0.12973 


9.90518 
9.90509 
9.90499 
9.90490 
9.90480 


0.12947 
0.12921 
0.12894 
0.12868 
0.12842 


9.90471 
9.90462 
9.90462 
9.90443 
9.90434 


0.12815 
0.12789 
0.12762 
0.12736 
0.12710 


9.90424 
9.90415 
9.90405 


9.90386 


9.90377 


9.90358 
9.90349 
9.90339 


9.90330 
9.90320 
9.90311 
9.90301 
9.90292 


0.12420 
0.12394 
0.12367 
0.12341 
0.12316 


9.90282 
9.902T3 
9.90263 
9.90254 
9.90244 


0.12289 
L.Tang. 


9.90235 
L.Sin 


27 

6 

2.7 

7 

3.2 

8 

3.6 

9 

4.1 

10 

4.5 

20 

9.0 

30 

13.5 

40 

18.0 

50 

22.6 

26 

2.6 
3.0 
3.5 
3.9 
4.3 
8.7 
13.0 
17.3 
2L7 


10 

6 

1.0 

7 

1.2 

8 

1.3 

9 

1.5 

10 

1.7 

20 

3.3 

30 

5.0 

40 

6.7 

50 

8.3 

IS 

1.8 
2.1 
2.4 
2.7 
3.0 
6.0 
9.0 
12.0 
15.0 


17 

1.7 
2.0 
2.3 
2.6 
2.8 
5.7 
8.5 
11.3 
14.2 


16 

1.6 
1.9 
2.1 
2.4 
2.7 
5,3 
8.0 
10.7 
13.3 


P.P. 

IIJIU  III  J  . 
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521 


L.  Sin. 


L.Tang. 


d.c. 


L.Cotg. 


L.  Cos. 


d. 


P.P. 


9.77946 
9.77963 
9.77980 
9.77997 
9.78013 


9.78030 
9.78047 
9.78063 
9.78080 
9.78097 


9.78113 
9.78130 
9.78147 
9.78163 
9.78180 


9.78197 
9.78213 
9.78230 
9.78246 
9.78263 


9.78280 
9.78296 
9.78318 
9.78329 
9.78346 


9.78362 
9.78379 
9.78395 
9.78412 
9.78428 


9.78445 
9.78461 
9.78478 
9.78494 
9.78510 


9.78527 
9.78543 
9.78560 
9.78576 
9.78592 
9.78609 
9.78625 
9.78642 
9.786.58 
9.78674 
9.78691 
9.78707 
9.78723 
9.78739 
9.78756 


9.78772 
9.78788 
9.78805 
9.78821 
9.78837 


55  9.78853 
56 

57  9.' 

58  9.78902 

59  9.78918 


9.78934 


L.  Cos. 


17 
17 
17 
Id 
17 
17 
16 
17 
17 
Id 
17 
17 
16 
17 
17 
16 
17 
16 
17 
17 
16 
17 
16 
17 
16 
17 
16 
17 
16 
17 
16 
17 
16 
16 
17 
16 
17 
16 
16 
17 
16 
17 
16 
16 
17 
16 
16 
16 
17 
16 
16 
17 
16 
16 
16 
16 
17 
16 
16 
16 


9.87711 
9.87738 
9.8T764 
9.87790 
9.87817 


9.87843 
9.87869 
9.87895 
9.87922 
9.87W8 


9.87974 
9.88000 
9.88027 
9.88053 
9.88079 


9.88105 
9.88131 
9.88158 
9.881M 
9.88210 
9.88236 
9.88262 
9.88289 
9.88315 
9.88341 


9.88367 
9.88893 
9.88420 
9.88446 
9.88472 


9.89073 


9.89281 


L.  Cotg. 


27 
26 
26 
27 
26 
26 
26 
27 
26 
26 
26 
27 
26 
26 
26 
26 
27 
26 
26 
26 
26 
27 
26 
26 
26 
26 
27 
26 
26 
26 
26 
26 
27 
26 
26 
26 
26 
26 
26 
26 
27 
'26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
27 
26 
26 
26 
26 
26 
26 
26 
26 

dTcT 


0.12289 
0.12262 
0.12236 
0.12210 
0.12183 


9.90235 
9.90225 
9.90216 
9.90206 
9.90197 


0.12157 

9.90187 

0.12131 

9.90178 

0.12106 

9.90168 

0.12078 

9.90159 

0.12052 

9.90149 

0.12026 

9.90139 

0.12000 

9.90130 

0.11973 

9.90120 

0.11947 

9.90111 

0.11921 

9.90101 

0.11896 

9.90091 

0.11869 

9.90082 

0.11842 

9.90072 

0.11816 

9.90063 

0.11790 

9.90053 

0.11764 

9.90043 

0.11738 

9.90034 

0.11711 

9.90024 

0.11685 

9.90014 

0.11659 

9.90005 

0.11633 
0.11607 
0.11580 
0.11554 
0.11528 


9.89995 


9.89976 
9.89966 


0.11502 
0.11476 
0.11450 
0.11423 
0.11397 


9.89947 
9.89937 
9.89927 
9.89918 
9.89908 


0.11371 
0.11345 
0.11319 
0.11293 
0.11267 


9.89898 


0.11241 
0.11214 
0.11188 
0.11162 
0.11136 


9.89879 
9.89869 
9.89859 
9.89849 
9.89^0 


9.89810 


0.11110 
0.11084 
0.11058 
0.11032 
0.11006 


9.89791 
9.89781 
9.89771 
9.89761 


9.89752 
9.89742 
9.89732 
9.89722 
9.89712 
9.89702 


9.89683 
9.89673 
9.89663 


0.10719 
L.Tang. 


9.89653 
L.  Sin. 


ID 

6 

1.0 

7 

1.2 

8 

1.3 

9 

1.5 

10 

1.7 

20 

3.3 

30 

5.0 

40 

6.7 

50 

8.3 

P.  p. 


LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS, 
38° 


16 
17 
16 
16 
16 
16 
16 
16 
16 
16 
16 
17 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
15 
16 
16 
16 
16 
16 
16 
16 
16 
16 
15 
16 
16 
16 
16 
16 
15 
16 
16 
16 
15 
16 
16 
16 
15 
16 
16 
15 
16 
16 
15 
16 
16 
15 
16 
16 
15 

"dT 


L.Tang. 


9.89281 
9.89307 


9.89411 
9.89437 
9.89463 
9.89489 
9.89515 


9.89541 
9.89567 
9.89593 
9.89619 
9.896^ 
9.89671 
9.89697 
9.89723 
9.89749 
9.89775 


9.89801 
9.89827 


9.89879 
9.89905 
'9.89931 
9.89957 
9.89983 
9.90009 
9.90035 


9.90061 
9.90086 
9.90112 
9.90138 
9.90164 


9.90190 
9.90216 
9.90242 
9.90268 
9.90294 


9.90320 
9.90346 
9.90371 
9.90397 
9.9(M23 
9.90449 
9.90475 
9.90501 
9.90527 
9.90553 


9.90578 
9.90604 
9.90630 
9.90656 
9.90682 


d.c. 


9.90837 

L.  Cotg.'  d.c. 


L.  Cotg. 
0.10719 
0.10693 
0.10667 
0.10641 
0.10615 
0.10589 
0.10563 
0.1051^7 
0.10511 
0.1M86 


0.10459 
0.10433 
0.10407 
0.10381 
ai0355 
0.10329 
0.10303 
0.10277 
0.10251 
0.10225 


0.10199 
0.10173 
0.10147 
0.10121 
0.10095 
0.10069 
0.10043 
0.10017 
0.09991 
0.09965 


0.09939 
0.09914 
0.09888 
0.09862 
0.09836 


0.09810 
0.09784 
0.09758 
0.09732 
OJ09706 
0.09080 
0.09654 
0.09629 
0.09603 
0.09577 
0.09551 
0.09525 
0.09499 
0.09473 
0.09447 


0.09422 
0.09396 
0.09370 
0.09:^4 
0.09;U8 
0.09292 
0.09266 
0.09241 
0.09215 
0.09189 


0.09163 
L.Tang. 


L.  Cos.  d. 


9.89653 
9.89643 
9.89633 
9.89624 
9.89614 


9.89584 
9.89574 
9.89564 


9.89554 
9.89544 
9.89534 
9.89524 
9.89514 


9.89504 
9.89495 


9.89475 
9.89465 
9.89455 
9.89445 
9.89435 
9.89425 
9.89415 


9.89405 
9.89395 
9.89385 
9.89375 
^^9364 
9.89354 


9.89334 
9.89324 
9.89314 


L.  Sin. 


37 


P.P. 


26 

6 

2.6 

7 

3.0 

8 

3.5 

9 

3.9 

10 

4.3 

20 

8.7 

30 

13.0 

40 

17.3 

50 

21.7 

25 

2.5 

2.9 

3.3 

3.8 

4.2 

8.3 

12J) 

16.7 

20.8 


17 
1.7 
2.0 
2.3 
2,6 
2.8 
5.7 
8.5 
11.3 
14.2 


16 

'    15 

6 

1.6 

1.5 

7 

1.9 

1.8 

8 

2.1 

2.0 

9 

2.4 

2.3 

10 

2.7 

2.5 

20 

5.3 

5.0 

30 

8.0 

7.5 

40 

10.7 

10.0 

50 

13.3 

12.5 

II 

6 

1.1 

7 

1.3 

8 

1.5 

9 

1.7 

10 

1.8 

20 

8.7 

30 

5.5 

40 

7.3 

50 

9.2 

10 

6 

1.0 

7 

1.2 

8 

1.3 

9 

1.5 

10 

1.7 

20 

3.3 

80 

5.0 

40 

6.7 

50 

8.3 

P.P. 


LOOAHITUMS  OP  TJtlQONOMETRlC  FUHCTIOHS. 
41° 


- 

-V 

L.  Sin. 

d. 

L.Tang. 

d.c. 

L.  Cotg. 

L.  Cos. 

d. 

P.P. 

o 

1 

9.81694 

9.93916 

0.06084 

9.87778 

60 

3.  1 

9.81709 

15 

9.93942 

26 

0.06058 

9.87767 

11 

59 

^  1 

9.81723 

14 

9.93967 

25 

0.06083 

9.87756 

11 

58 

26 

^  1 

9.81738 

16 

9.93993 

26 

0.06007 

9.87745 

11 

57 

L    -*  ^ 

9.81752 

14 
15 

9.94018 

25 
26 

0.05982 

9.87734 

11 
11 

56 

o 

7 

8  0 

^ 

9.81767 

9.94044 

0.06956 

9.87728 

65 

8 

3!5 

I    ^ 

9.81781 

14 

9.94069 

25 

0.05931 

9.87712 

11 

54 

9 

8.9 

I    "^ 

9.81796 

16 

9.94095 

26 

0.05905 

9.87701 

11 

58 

10 

4.3 

1    « 

9.81810 

14 

9.94120 

25 

0.05880 

9.87690 

11 

62 

20 

8.7 

1    ^ 

9.81825 

15 
14 

9.94146 

26 
25 

0.05854 

9.87679 

11 
11 

51 
SO 

80 
40 

13.0 

I  to 

9.81839 

9.94171 

0.05829 

9.87668 

17.8 

1  ^^ 

9.81854 

15 

9.94197 

26 

0.05803 

9.87657 

11 

49 

60 

21.7 

1  ^2 

9.81868 

14 

9.94222 

25 

0.05778 

9.87646 

11 

48 

1  ^3 

9.81882 

14 

9.94248 

26 

0.05752 

9.87635 

11 

47 

1  ^^ 

9.81897 

15 
14 

9.94273 

25 
26 

0.05727 

9.87624 

11 
11 

46 

25 

1  ^5 

9.81911 

9.94299 

0.06701 

9.87613 

45 

6  1  2.6 

1  ^« 

9.81926 

15 

9.94324 

25 

0.05676 

9.87601 

12 

44 

7 

2.9 

I  :i7 

9.81940 

14 

9.94350 

26 

0.05650 

9.87590 
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25 

0.01567 

9.85718 

12 

2 

50 

10.0 

9.2 

59 

9.84164 

13 
13 

9.98458 

25 
26 

0.01542 

9.85706 

12 
13 

nr 

1 

M 

9.84177 

9.98484 

0.01516 

9.85693 

0 

L.C08. 

d. 

L.  Cotg. 

d.c. 

L.Tang. 

L.  Stn. 

/ 

P.P. 

36 


LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS. 


5 

9.84242 

6 

9.84255 

7 

9.84269 

8 

9.84282 

9 

9.84295 

10 

9.84308 

11 

9.84321 

12 

9.84334 

13 

9.84347 

14 

9.84360 

15 

9.84373 

16 

9.84385 

17 

9.84398 

18 

9.84411 

19 

9.84424 

20 

9.84437 

21 

9.84450 

22 

9.84463 

23 

9.84476 

24 

9.84489 

25 

9.84502 

26 

9.84515 

27 

9.84528 

28 

9.84540 

29 

9.84553 

L.Sin. 
9.84177" 
9.84190 
9.84203 
9.84216 
9.84229 


9.84566 
9.84579 
9.84592 
9.84605 
9.84618 


9.84630 
9.84643 
9.84656 
9.84669 
9.84682 
9.84694 
9.84707 
9.84720 
9.84733 
9.84745 
9.84758 
9.84771 
9.84784 
9.84796 
9.84809 


50 

9.84822 

51 

9.84835 

52 

9.84847 

58 

9.84860 

54 

9.84873 

55 

9.84885 

56 

9.84898 

57 

9.84911 

58 

9.84923 

59 

9.84936 

60  9.84949 
L.  Cos. 


13 
13 
13 
13 
13 
13 
14 
13 
13 
13 
13 
13 
13 
13 
13 
12 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
12 
13 
13 
13 
13 
13 
13 
12 
13 
13 
13 
13 
12 
13 
13 
13 
12 
13 
13 
13 
12 
13 
13 
13 
12 
13 
13 
12 
13 
13 
12 
13 
13 


L.Tang. 

9.98484" 
9.98509 
9.98534 
9.98560 
SL98585 
9.98610 
9.98635 
9.98661 
9.98686 
9.98711 


9.98737 
9.98762 
9.98787 
9.98812 
9.98838 


9.98863 
9.98888 
9.98913 
9.98939 
9.98964 


9.98989 
9.99015 
9.99040 
9.99065 
9.99090 


9.99116 
9.99141 
9.99166 
9.99191 
9.99217 


9.99242 
9.99267 
9.99293 
9.99318 
9.99343 
9.99368 
9.99394 
9.99419 
9.99444 
9.99469 


9.99722 


9.99747 
9.99773 
9.99798 
9.99823 
9.99848 


9.99874 


9.99924 
9.99949 
9.99975 


0.00000 
L.  Cotg. 


d.c. 


25 
25 
26 
25 
25 
25 
26 
25 
25 
26 
25 
25 
25 
26 
25 
25 
25 
26 
25 
25 
26 
25 
25 
25 
26 
25 
25 
25 
26 
25 
25 
26 
25 
25 
25 
26 
25 
25 
25 
26 
25 
25 
25 
26 
25 
25 
26 
25 
25 
25 
26 
25 
25 
25 
26 
25 
25 
25 
26 
25 

dTc: 


L.  Cotg, 


0.01616 
0.01491 
0.01466 
0.01440 
0.01416 


0.01390 
0.01366 
0.01339 
0.01314 
0.01289 


0.01263 
0.01238 
0.01213 
0.01188 
0.01162 


0.01137 
0.01112 
0.01087 
0.01061 
0.01036 


0.01011 
0.00985 
0.00960 
0.00935 
0.00910 


0.00884 
a00669 
0.00834 
0.00809 
0.00783 


0.00758 
0.00733 
0.00707 
0.00682 
0.00657 


0.00632 
0.00606 
0.00581 
0.00556 
0.00531 


0.00505 
0.00480 
0.00455 
0.00430 
0.00404 


0.00379 
0.00354 
0.00328 
0.00303 
0.00278 


0.00253 
0.00227 
0.00202 
0.00177 
0.00152 


0.00126 
0.00101 
0.00076 
0.00051 
0.00025 


0.00000 
L.Tang. 


L.Cos. 


9.85693 
9.85681 


9.85657 
9.85645 


9.85632 
9.85620 
9.85608 
9.85596 
9.85583 


9.85571 
9.85559 
9.85547 
9.85534 
9.85522 


9.85510 
9.85497 
9.85485 
9.85473 
9.85460 


9.85448 
9.85436 
9.85423 
9.85411 


9.85386 
9.85374 


9.85349 
9.85837 


9.85324 
9.85312 
9.85299 
9.85287 
9.86274 


9.86237 


9.85212 


9.85200 
9.86187 
9.86175 
9.86162 
9.85150 


9.85137 
9.85125 
9.86112 
9.86100 
9.85087 


9.85074 
9.85062 
9.86049 
9.85037 
9.86024 


9.85012 
9.84999 
9.84986 
9.84974 
9.84961 


9.84949 
L.  Sin. 


d. 


P.P. 


6 

7 

1.3 
1.5 

« 

1.7 

9 

2.0 

10 

2.2 

20 

4.3 

90 

6.5 

40 

8.7 

60 

10.8 

P.P. 
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TRAVERSE  TABLES. 

To  use  the  tables,  find  the  number  of  degrees  in  the  left-hand  column  if 
ttke  angle  be  less  than  45^,  and  in  the  right-hand  column  if  greater  than  45°. 
Tlxe  numbers  on  the  same  line  running  across  the  page  are  uie  latitudes  and 
d.epartare8  for  that  angle  and  for  the  respective  distances,  1, 2, 3, 4, 6, 6, 7, 8, 9, 
>%^liich  appear  at  the  top  and  bottom  of  the  pages.  Thus,  if  the  bearing  of  a 
line  be  IQP  and  the  distance  4,  the  latitude  will  be  3.939  and  the  departure 
0.695:  with  the  same  bearing,  and  the  distance  8,  the  latitude  will  be  7.878  and 
t  be  departure  1.389.  The  latitude  and  departure  for  80  is  10  times  the  latitude 
a.nd  departure  for  8,  and  is  found  by  moving  the  decimal  point  one  place  to 
tbe  rignt;  that  for  500  is  100  times  the  latitude  and  departure  for  5,  and  is  found 
l>y  moving  the  decimal  point  two  places  to  the  right  and  so  on.  By  moving 
t;lie  decimal  point  one,  two,  or  more  places  to  the  right,  the  latitude  ana 
departure  may  be  found  for  any  multiple  of  any  number  given  in  the  table. 
1x1  finding  the  latitude  and  departure  for  any  number  such  as  458,  the  number 
is  resolved  into  three  numbers,  viz.:  400, 50, 3,  and  the  latitude  and  departure 
for  each  taken  from  the  table  and  then  added  together. 
We  thus  obtain  the  following: 

R«l«. —  Write  down  the  UUituae  and  departure,  ne^ecHng  the  decimal  points, 
X<or  the  first  figure  qf  the  gitfen  distance;  write  under  them  the  laHtude  and  depar- 
ture for  the  second  figure,  setting  them  one  ^laee  farther  to  the  right;  under  these, 
j>lace  the  latitude  and  departure  for  the  third  figure,  setting  them  one  place  still 
Jarther  to  the  right,  and  so  continue  until  all  the  figures  of  the  given  distance  have 
been  used;  add  these  latitudes  and  departures,  and  point  off  on  the  right  qf  their 
sums  a  number  of  decimal  places  emtal  to  the  number  of  decimal  places  to  which 
the  tables  being  used  are  carried;  the  resulting  numbers  will  be  the  latitude  and 
<ieparture  of  the  given  distance  in  feet,  links,  chains,  or  whatever  unit  of  measure- 
ment is  adopted. 

ExAMPLE.—A  bearing  is  1G°  and  the  distance  725  ft.:  what  is  the  latitude 
and  departure? 

Distances.  Latitudes.  Departures. 

700  6729  1929 

20  1923  0551 

5  4806  1378 


7  2  5  6  9  6.9  3  6  1  9  9.7  8  8 

Taking  the  nearest  whole  numbers  and  rejecting  the  decimals,  we  find 
the  latitude  and  departure  to  be  697  and  20O. 

When  a  0  occurs  in  the  given  number,  the  next  figure  must  be  set  two 
places  to  the  right  as  in  the  following  example: 

The  bearing  is  23P  and  the  distance  907  ft ;  required,  the  latitude  and 
departure. 

Distances.  Latitudes.  Departures. 

900  8345  3371 

7  6490  2  622 


90  7  8  4  0.990  339.722 

Here  the  place  of  0  both  in  the  distance  column  and  in  the  latitude  and 
departure  columns  is  occupied  by  a  dash  — .  Rejecting  the  decimals,  the 
latitude  is  841  ft.  and  the  departure  340  ft.  When  the  bearing  is  more  than 
45°,  the  names  of  the  columns  must  be  read  from  the  bottom  of  the  page. 
The  latitude  of  any  bearing,  as  60°,  is  the  departure  of  its  complement,  30°; 
and  the  departure  of  any  waring,  as  30°,  is  the  latitude  of  its  complement, 
60°.  Where  the  bearings  are  given  in  smaller  fractions  of  degrees  than  is 
found  in  the  table,  the  latitudes  and  departures  can  be  found  by  inter- 
polation. 
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t 

1 

2 

3 

4 

5 

m 

1 

Lat. 

Dep. 

Lat. 

rfep.. 

1 
Lat.     Dep. 

1 

Lat. 

Dep. 

Lat. 

QO 

1.000 

0.000 

2.000 

0.000 

3.000 

0.000 

4.000 

0.000 

5.000 

90° 

Oi 

1.000 

0.004 

2.000 

0.009 

3.000 

0.013 

4.000 

0.017 

5.000 

891 

Oi 

1.000 

0.009 

2.000 

0.017 

3.000 

0.026 

4.000 

0.035 

5.000 

89i 

01 

1.000 

0.013 

2.000 

0.026 

3.000 

0.039 

4.000 

0.062 

5.000 

89^ 

|0 

1.000 

0.017 

2.000 

0.035 

3.000 

0.052 

3.999 

0.070 

4.999 

89° 

li 

1.000 

0.022 

2.000 

0.044 

2.999 

0.065 

3.999 

0.087 

4.999 

881 

li 

1.000 

0.026 

1.999 

0.052 

2.999 

0.079 

8.999 

0.105 

4.998 

m 

If 

1.000 

0.081 

1.999 

0.061 

2.999 

0.092 

3.998 

0.122 

4.998 

88i 

20 

0.999 

0.035 

1.999 

0.070 

2.998 

0.105 

8.998 

0.140 

4.997 

88° 

21 

0.999 

0.039 

1.998 

0.079 

2.998 

0.118 

3.997 

0.1i67 

4.996 

m 

2i 

0.999 

0.044 

1.998 

0.087 

2.997 

0.131 

3.996 

0.174 

4.995 

87i 

2I 

0.999 

0.048 

1.998 

0.096 

2.997 

0.144 

3.995 

0.192 

4.994 

87i 

30 

0.999 

0.052 

1.997 

0.105 

2.996 

0.157 

3.995 

0.209 

4.993 

87° 

3i 

0.998 

0.057 

1.997 

0.113 

2.995 

0.170 

3.994 

0.227 

4.992 

861 

3i 

0.998 

0.061 

1.996 

0.122 

2.994 

0.183 

3.993 

0.244 

4.991 

86* 

3I 

0.998 

0.065 

1.996 

0.131 

2.994 

0.196 

3.991 

0.262 

4.989 

m 

40 

0.998 

0.070 

1.995 

0.140 

2.993 

0.209 

3.990 

0.279 

4.988 

«8° 

41 

0.997 

0.074 

1.996 

0.148 

2.992 

0.222 

3.989 

0.296 

4.986 

851 

4i 

0.997 

0.078 
0.083 

1.994 

0.167 

2.991 

0.235 

3.988 

0.314 

4.985 

85i 

4| 

0.997 

1.993 

0.166 

2.990 

0.248 

3.986 

0.331 

4.983 

85i 

8° 

0.996 

0.087 

1.992 

0.174 

2.989 

0.261 

3.986 

0.349 

4.981 

«5*> 

5i 

0.996 

0.092 

1.992 

0.183 

2.987 

0.275 

8.983 

0.366 

4.979 

841 

0.995 

0.096 

1.991 

0.192 

2.986 

0.288 

3.982 

0.388 

4.977 

84i 

5j 

0.995 

0.100 

1.990 

0.200 

2.985 

0.301 

3.980 

0.401 

4.975 

m 

go 

0.995 

0.105 

1.989 

0.209 

2.984 

0.314 

3.978 

0.418 

4.973 

«4° 

6i 

0.994 

0.109 

1.988 

0.218 

2.982 

0.327 

3.976 

0.436 

4.970 

831 

0.994 

0.113 

1.987 

0.226 

2.981 

0.340 

3.974 

0.453 

4.968 

83i 

5} 

0.993 

0.118 

1.986 

0.235 

2.979 

0.353 

3.972 

0.470 

4.965 

83i 

70 

0.998 

0.122 

1.986 

0.244 

2.978 

0.366 

3.970 

0.487 

4.963 

«30 

7i 

0.992 

0.126 

1.984 

0.252 

2.976 

0.379 

3.968 

0.505 

4.960 

82t 

7* 

0.991 

0.131 

1.983 

0.261 

2.974 

0.392 

3.966 

0.622 

4.957 

82i 

n 

0.991 
0.990 

0.135 

1.982 

0.270 

2.973 

0.405. 

'3.963 

0.539 

4.954 

82i 

8° 

0.139 

1.981 

0.278 

2.971 

0.418 

3.961 

0.567 

4.951 

S20 

8i 

0.990 

0.143 

1.979 

0.287 

2.969 

0.430 

3.959 

0.674 

4.948 

811 

0.989 

0.148 

1.978 

0.296 

2.967 

0.443 

a966 

0.691 

4.945 

81i 

8| 

0.988 

0.152 

1.977 

0.304 

2.965 

0.456 

3.953 

0.608 

4.942 

81i 

9° 

0.988 

0.156 

1.975 

0.313 

2.963 

0.469 

3.951 

0.626 

4.938 

9i 

0.987 

0.161 

1.974 

0.321 

2.961 

0.482 

3.948 

0.643 

4.935 

80* 

9i 

0.986 

0.165 

1.973 

0.330 

2.959 

0.495 

3.945 

0.660 

4.931 

80i 

91 

0.986 

0.169 

1.971 

0.339 

2.957 

0.508 

3.942 

0.677 

4.928 

80* 

100 

0.985 

0.174 

1.970 

0.347 

2.954 

0.521 

3.939 

0.G96 

4.924 

BQO 

lOi 

0.984 

0.178 

1.968 

0.356 

2.952 

0.534 

3.936 

0.712 

4.920 

79* 

lOi 

Q.983 

0.182 

L967 

0.364 

2.950 

0.547 

3.933 

0.729 

4.916 

79t 

lol 

0.982 

0.187 

1.965 

0.373 

2.947 

0.560 

3.930 

0.746 

4.912 

79* 

11° 

0.982 

0.191 

1.963 

0.382 

2.945 

0.572 

3.927 

0.763 

4.908 

790 

Hi 

0.981 

0.195 

1.962 

0.390 

2.942 

0.585 

3.923 

0.780 

4.904 

78* 

lit 

0.980 

0.199 

1.960 

0.399 

2.940 

0.598 

3.920 

0.797 

4.900 

78* 

111 

0.979 

0.204 

1.958 

0.407 

2.937 

0.611 

3.916 

0.816 

4.895 

78* 

,20 

0.978 

0.208 

1.956 

0.416 

2.934 

0.624 

3.913 

0.832 

4.891 

78° 

12i 

0.977 

0.212 

1.954 

0.424 

2.932 

0.637 

3.909 

0.849 

4.886 

T7* 

12i 

0.976 

0.216 

1.953 

0.433 

2.929 

0.649 

3.905 

0.866 

4.881 

77* 

12* 

0.975 

0.221 

1.951 

0.441 

2.926 

0.662 

3.901 

0.883 

4.877 

77* 

130 

0.974 

0.225 

1.949 

0.450 

2.923 

0.675 

3.897 

0.900 

4.872 

77° 

e 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

i 

• 
2 

• 

2 

3 

4 

5 
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5£ 


1 

5 

6 

7 

8 

9 

? 

1 

I>ep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

*£ 

2 

QO 

0.000 

6.000 

0.000 

7.000 

0.000 

8.000 

0.000 

9.000 

0.000 

I9T 

Oi 

0.022 

6.000 

0.026 

7.000 

0.031 

8.000 

0.035 

9.000 

0.039 

0*         O.044 

6.000 

0.052 

7.000 

0.061 

8.000 

0.070 

9.000 

0.079 

89i 

0*         D.065 

5.999 

0.079 

6.999 

0.092 

7.999 

0.105 

8.999 

0.118 

89i 

l«         O.087 

5.999 

0.105 

6.999 

0.122 

7.999 

0.140 

8.999 

0.157 

89° 

li     1   O.109 

5,999 

0.131 

6.998 

0.153 

7.998 

0.175 

8.998 

0.196 

881 

li     1   0,131 

5.996 

0.157 

6.998 

0.183 

7.997 

0.209 

8.997 

0.236 

88* 

If     1  0.153 

5.997 

0.183 

6.997 

0.214 

7.996 

0.244 

8.996 

0.275 

m 

20         0.174 

5.996 

0.209 

6.996 

0.244 

7.995 

0.279 

8.995 

0.314 

88° 

2i         0.196 

5.995 

0.236 

6.995 

0.275 

7.994 

0.314 

8.993 

0.353 

87* 

2i         0.218 

5.994 

0.262 

6.993 

0.305 

7.992 

0.349 

8.991 

0.393 

87i 

2i          0.240 

5.993 

0.288 

6.992 

0.336 

7.991 

0.384 

8.990 

0.432 

87i 

3*»         0.262 

5.992 

0.314 

6.990 

0.366 

7.989 

0.419 

8.988 

0.471 

87° 

3i 

0.283 

5.990 

0.340 

6.989 

0.397 

7.987 

0.454 

8.986 

0.510 

861 

3* 

0.305 

5.989 

0.366 

6.987 

0.427 

7.985 

0.488 

8.963 

0.549 

86* 

3* 

0.327 

5.987 

0.392 

6.985 

0.458 

7.983 

0.523 

8.981 

0.589 

86i 

4° 

0.349 

5.985 

0.419 

6.983 

0.488 

7.981 

0.558 

8.978 

0.628 

l%o 

4i 

0.371 

.5.984 

0.445 

6.981 

0.519 

7.978 

0.593 

8.975 

0.667 

851 

4t 

0.392 

5.982 

0.471 

6.978 

0.549 

7.975 

0.628 

8.972 

0.706 

85i 

4* 

0.414 

5.979 

0.497 

6.976 

0.580 

7.973 

0.662 

8.%9 

0.745 

85i 

50 

0.436 

5.977 

0.523 

6.973 

0.610 

7.970 

0.697 

8.966 

0.784 

88° 

5^ 

0.458 

5.975 

0.549 

6.971 

0.641 

7.966 

0.732 

8.962 

0.824 

84f 

^^ 

0.479 

5.972 

0.575 

6.968 

0.671 

7.963 

0.767 

8.959 

0.863 

84i 

5f- 

0.501 

5.970 

0.601 

6.965 

0.701 

7.960 

0.802 

8.955 

0.902 

84i 

6° 

0.523 

5.967 

0.627 

6.962 

0.732 

7.956 

0.836 

8.951 

0.941 

84° 

6i 

0:544 

5.964 

0.653 

6.958 

0.762 

7.952 

0.871 

8.947 

0.980 

831 

6^ 

0.566 

5.961 

0.679 

6.955 

0.792 

7.949 

0.906 

8.942 

1.019 

6f 

0.588 

5.958 

0.705 

6.951 

0.823 

7.945 

0.940 

8.938 

1.058 

83i 

70 

0.609 

5.955 

0.731 

6.948 

0.853 

7.940 

0.975 

8.933 

1.097 

83° 

7i 

0.631 

5.952 

0.757 

6.944 

0.883 

7.936 

1.010 

8.928 

1.136 

82f 

7i 

0.653 

5.949 

0.783 

6.940 

0.914 

7.932 

1.044 

8.923 

1.175 

82i 

7f 

0.674 

5.945 

0.8(411 
0.8Mr 

^.936 

0.944 

7.927 

1.079 

8.918 

1.214 

82i 

«o 

0.696 

5.942 

6.932 

0.974 

7.922 

1.113 

8.912 

1.263 

82° 

0.717 

5.938 

0.861 

6.928 

1.004 

7.917 

1.148 

8.907 

1.291 

81* 

S4' 

0.739 

5.934 

0.887 

6.923 

1.035 

7.912 

1.182 

8.901 

1.330 

81i 

|t 

0.761 

5.930 

0.913 

6.919 

1.065 

7.907 

1.217 

8.895 

1.369 

li^ 

0.782 

5.926 

0.939 

6.914 

1.095 

7.902 

1.251 

8.889 

1.408 

9i 

0.804 

6.922 

0.964 

6.909 

1.125 

7.8% 

1.286 

8.883 

1.447 

80* 

9* 

0.825 

5.918 

0.990 

6.904 

1.155 

7.890 

1.320 

8.877 

1.485 

80* 

91 

0.847 

5.913 

1.016 

6.899 

1.185 

7.884 

1.365 

8.870 

1.524 

80i 

100 

0.868 

5.909 

1.042 

6.894 

1.216 

7.878 

1.389 

8.863 

1.563 

80° 

lOi 

0.890 

5.904 

1.068 

6.888 

1.246 

7.872 

1.424 

8.866 

1.601 

79* 

10 

0.911 

5.900 

1.093 
1.119 

6.883 

1.276 

7.866 

1.468 

8.849 

1.640 

79* 

10 

0.933 

5.895 

6.877 

1.306 

7.860 

1.492 

8.842 

1.679 

79i 

MO 

0.954 

5.890 

1.145 

6.871 

1.336 

7.853 

1.526 

8.835 

1.717 

79° 

Hi 

0.975 

5.885 

1.171 

6.866 

1.366 

7.846 

1.561 

8.827 

1.756 

78* 

11 

0.997 

5.880 

1.196 

6.869 

1.396 

7.839 

1.595 

8.819 

1.794 

78* 

11 

1.018 

5.874 

1.222 

6.853 

1.425 

7.832 

1.629 

8.811 

1.833 

78i 

120 

1.040 

5.869 

1.247 

6.847 

1.455 

7.825 

1.663 

8.803 

1.871 

78° 

12i 

1.061 

5.863 

1.273 

6.841 

1.485 

7.818 

1.697 

8.795 

1.910 

77* 

12i 

1.082 

5.858 

1.299 

6.834 

1.515 

7.810 

1.732 

8.787 

1.948 

77* 

12* 

1.103 

5.852 

1.324 

6.827 

1.545 

7.803 

1.766 

8.778 

1.986 

77i 

130 

1.125 

5.846 

1.350 

6.821 

1.575 

7.795 

L800 

8.769 

2.025 

77° 

r 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 
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LATITUDES  AND  DEPASTUItES. 


? 

1 

t 

S 

4 

5 

1^ 

i 

Lat. 

Dep. 

Lat. 

1.949 
1.947 
1.945 
1.943 
1.941 
1.938 
1.936 
1.934 

Dep. 

0.450 
0.458 
0.467 
0.475 
0.484 
0.492 
0.601 
0.509 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

: 

140 

m 

0.974 
0.973 
0.972 
0.971 
0.970 
0.969 
0.968 
0.967 

0.225 
0.229 
0.233 
0.238 
0.242 
0.246 
0.250 
0.255 

2.923 
2.920 
2.917 
2.914 
2.911 
2.906 
2.9M 
2.901 

0.675 
0.688 
0.700 
0.713 
0.726 
0.738 
0.751 
0.764 

3.897 
8.894 
3.889 
3.885 
3.881 
3.877 
3.873 
3.868 

0.900 
0.917 
0.934 
0.951 
0.968 
0.985 
1.002 
1.018 

4.872 
4.867 
4.862 

4.867 
4.851 

4.846 
4.841 
4.835 

770 

761 
76i 
76i 
750 
751 
75* 
75* 

150 

15i 
15i 

}^ 

16i 

}|t 

17i 
17* 
17f 
18° 

m 

\n 

190 
m 
m 
m 

0.966 
0.965 
0.964 
0.962 
0.961 
0.960 
0.959 
0.968 
0.956 
0.965 
0.954 
0.952 
0.951 
0.950 
0.948 
0.947 
0.946 
0.944 
0.043 
0.941 

0.259 
0.263 
0.267 
0.271 
0.276 
0.280 
0.284 
0.288 
0.292 
0.297 
0.301 
0.305 
0.309 
0.313 
0.317 
0.321 
0.326 
0.330 
0.334 
0.338 

1.932 
1.930 
1.927 
1.925 
1.923 
1.920 
1.918 
1.915 
1.913 
1.910 
1.907 
1.905 
1.902 
1.899 
L897 
1.894 
1.891 
1.888 
1.885 
1.882 

0.518 
0.526 
0.534 
0.543 
0.551 
0.560 
0.568 
0.576 
0.585 
0.593 
0.601 
0.610 
0.618 
0.626 
0.635 
0.643 
0.651 
0.659 
0.668 
0.676 

2.898 
2.894 
2.891 
2.887 
2.884 
2.880 
2.876 
2.873 
2.869 
2.865 
2.861 
2.857 
2.858 
2.849 
2.845 
2.841 
2.837 
2.832 
2.828 
2.824 

0.776 
0.789 
0.802 
0.814 
0.827 
0.839 
0.852 
0.865 
0.877 
0.890 
0.902 
0.915 
0.927 
0.939 
0.962 
0.964 
0.977 
0.989 
1.001 
1.014 

3.864 
8.859 
3.855 
3.850 
3.845 
3.840 
3.835 
3.830 
3.825 
3.820 
3.815 
3.810 
3.804 
3.799 
8.798 
3.788 
3.782 
8.776 
8.771 
8.766 

1.035 
1.052 
1.069 
1.066 
1.103 
1.119 
1.136 
1.153 
1.169 
1.186 
1.208 
1.220 
1.236 
1.258 
1.269 
1.286 
1.302 
1.319 
1.835 
1.852 

4.830 
4.824 
4.818 
4.812 
4.806 
4.800 
4.794 
4.788 
4.782 
4.775 
4.769 
4.762 
4.755 
4.748 
4.742 
4.736 
4.728 
4.720 
4.713 
4.706 

75° 

74i 

74° 

731 

m 

7S° 

721 

^ 

72° 

711 
71* 

V^ 

70* 
70* 
7(H 

200 

ill 

21* 
220 

22i 
22i 
221 
230 
23i 

24° 

24i 
24f 

0.940 
0.938 
0.937 
0.935 
0.934 
0.932 
0.930 
0.929 
0.927 
0.926 
0.924 
0.922 
0.921 
0.919 
0.917 
0.915 
0.914 
0.912 
0.910 
0.908 

0.342 
0.346 
0.350 
0.354 
0.358 
0.362 
0.367 
0.371 
0.375 
0.379 
0.383 
0.387 
0.391 
0.395 
0.399 
0.403 
0.407 
0.411 
0.415 
0.419 

1.879 
1.876 
1.873 
1.870 
1.867 
1.864 
1.861 
1.858 
1.854 
1.851 
1.848 
1.844 
1.841 
1.838 
1.834 
1.831 
1.827 
1.824 
1.820 
1.816 

0.684 
0.692 
0.700 
0.709 
0,717 
0.725 
0.733 
0.741 
0.749 
0.757 
0.765 
0.773 
0.781 
0.789 
0.797 
0.805 
0.813 
0.821 
0.829 
0.837 

2.819 
2.815 
2.810 
2.805 
2.801 
2.796 
2.791 
2.786 
2.782 
2.777 
2.772 
2.767 
2.762 
2.756 
2.751 
2.746 
2.741 
2.735 
2.730 
2.724 

1.026 
1.038 
1.051 
1.063 
1.075 
1.087 
1.100 
1.112 
1.124 
1.136 
1.148 
1.160 
1.172 
1.184 
1.196 
1.208 
1.220 
1.232 
1.244 
1.256 

8.759 
3.753 
3.747 
3.741 
3.734 
3.728 
3.722 
8.715 
3.709 
3.702 
3.696 
3.689 
3.682 
3.675 
3.668 
8.661 
3.654 
3.647 
3.640 
3.633 

1.368 
1.384 
1.401 
1.417 
1.433 
1.450 
1.466 
1.482 
1.498 
1.515 
1.531 
1.547 
1.568 
1.679 
1.695 
1.611 
1.627 
1.648 
1.659 
1.675 

4.698 
4.691 
4.683 
4.676 
4.668 
4.660 
4.652 
4.644 
4.636 
4.628 
4.619 
4.611 
4.608 
4.594 
4.585 
4.577 
4.568 
4.559 
4.550 
4.541 

70° 

^ 

681 
68* 
68* 
68° 

671 
67* 
67* 
67° 
661 
66* 

65* 

250- 

25i 

25* 
28° 

0.906 
0.904 
0.903 
0.901 
0.899 

0.423 
0.427 
0.431 
0.434 
0.438 

1.813 

1.809' 

1.805 

1.801 

1.798 

0.845 
0.853 
0.861 
0.869 
0.877 

2.719 
2.713 
2.708 
2.702 
2.696 

1.268 
1.280 
1.292 
1.303 
1.315 

3.625 
3.618 
3.616 
3.603 
3.595 

1.690 
1.706 
1.722 
L738 
1.753 

4.532 
4.522 
4.513 
4.503 
4.494 

65° 

? 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

i 
I 

1 

• 
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LATITUDES  AND  DEPARTURES. 


^ 

f 

6 

7 

8 

9 

? 

s, 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

■Dep. 

1 

I»« 

1.125 

5.846 

1.350 

6.821 

1.576 

7.796 

1.800 

8.769 

2.0JJ5 

77° 

X3i 
X3i 

1.146 

5.840 

1.375 

6.814 

1.604 

7.787 

1.834 

8.760 

2.063 

76} 

1.167 

5.834 

1.401 

6.807 

1.634 

7.779 

1.868 

8.761 

2,101 

76* 

X3t 

1.188 

5.828 

1.426 

6.799 

1.664 

7.771 

1.902 

8.742 

2.189 

76i 

i^o 

1.210 

5.822 

1.452 

6.792 

1.698 

7.762 

1.985 

8.733 

2.177 

78° 

14i 

5.815 

1.477 

6.785 

1.728 

7.754 

1.969 

8.728 

2.215 

75} 

X4i 

l!252 

6.809 

1.502 

6.777 

1.768 

7.746 

2.003 

8.713 

2.253 

75* 

X4f 

1.278 

5.802 

1.628 

6.769 

1.782 

7.736 

2.037 

8.703 

2.291 

75i 

•  50 

1.294 

5.796 

1.653 

6.761 

1.812 

7.727 

2.071 

8.693 

2.329 

75° 

1         X5i 

1.315 

5.789 

1.578 

6.754 

1.841 

7.718 

2.104 

8.683 

2.367 

74} 

I         15* 

1.336 

5.782 

1.608 

6.746 

1.871 

7.709 

2.188 

8.673 

2.406 

74* 

\    il« 

1.367 

5.775 

1.629 

6.737 

1.900 

7.700 

2.172 

8.662 

2.443 

741 

1.378 

5.768 

1.654 

6.729 

1.929 

7.690 

2.205 

8.651 

2.481 

74° 

1         16i 

1.399 

5.760 

1.679 

6.720 

1.969 

7.680 

2.289 

8.640 

2.618 

73} 

I        16i 

1.420 

5.753 

1.704 

6.712 

1.988 

7.671 

2.272 

8.629 

2.556 

734 

1        161 

1.441 

5.745 

1.729 

6.703 

2.017 

7.661 

2.306 

8.618 

2.594 

73i 

1        17° 

1.462 

6.738 

1.754 

6.694 

2.047 

7.650 

2.339 

8.607 

2.631 

73° 

1       17i 
I       17i 

1.483 

5.730 

1.T79 

6.685 

2.076 

7.640 

2.372 

8.595 

2.669 

72} 

1.504 

5.722 

1.804 

6.676 

2.105 

7.630 

2.406 

8.583 

2.706 

1       171 
1       ISO 

1.524 

5.714 

1.829 

6.667 

2.134 

7.619 

2.489 

8.572 

2.744 

72^ 

1.546 

5.706 

1.864 

6.657 

2.163 

7.608 

2.472 

8.560 

2.781 

72° 

1      18f 

1.566 

5.698 

1.879 

6.648 

2.192 

7.598 

2.505 

8.547 

2.818 

71} 

1.587 

5.690 

1.904 

6.638 

2.221 

7.587 

2.588 

8.535 

2.856 

71* 

X8f 

1.607 

5.682 

1.929 

6.629 

2.250 

7.676 

2.572 

8.522 

2.893 

V^ 

190 

1.628 

5.678 

1.953 

6.619 

2.279 

7.564 

2.605 

8.510 

2.930 

19J 

1.648 

5.665 

1.978 

6.609 

2.308 

7.553 

2.638 

8.497 

2.967 

70} 

m 

1.669 

6.656 

2.003 

6.598 

2.337 

7.541 

2.670 

8.484 

3.004 

70* 

19» 

1.690 

5.647 

2.028 

6.588 

2.366 

7.529 

2.703 

8.471 

3.041 

70i 

20<^ 

1.710 

5.638 

2.052 

6.578 

2.394 

7.518 

2.736 

8.457 

3.078 

70° 

20i 

1.731 

6.629 

2.077 

6.567 

2.423 

7.506 

2.769 

8.444     3.115 

69} 

201 

1.751 

6.620 

2.101 

6.567 

2.451 

7.493 

2.802 

8.430 

3.152 

69* 

201 
2|0 

1.771 

5.611 

2.126 

6.M6 

2.480 

7.481 

2.834 

8.416 

3.189 

69* 

1.792 

5.601 

2.160 

6.536 

2.509 

7.469 

2.867 

8.402 

3.226 

89° 

21i 

1.812 

5.692 

2.175 

6.624 

2.637 

7.456 

2.900 

8.388 

3.262 

68} 

21i 

1.838 

5.582 

2.199 

6.513 

2.666 

7.443 

2.932 

8.374 

3.299 

68* 

211 

1.868 

5.573 

2.223 

6.502 

2.594 

7.430 

2.964 

8.369 

3.336 

68* 

220 

1,873 

5.663 

2.248 

6.490 

2.622 

7.417 

2.997 

8.346 

3.371 

68° 

22i 

1.898 

5.553 

2.272 

6.479 

2.651 

7.404 

3.029 

8.330 

3.408 

67} 

22i 

1.918 

6.543 

2.296 

6.467 

2.679 

7.391 

3.061 

8.315 

3.444 

674 

221 

1.934 

5.633 

2.320 

6.455 

2.707 

7.378 

3.094 

8.300 

3.480 

67* 

18° 

1.954 

5.523 

2.344 

6.444 

2.735 

7.364 

8.126 

8.285 

3.517 

67° 

23i 

1.974 

5.513 

2.368 

6.432 

2.763 

7.350 

3.158 

8.269 

3.553 

66} 

23i 

1.994 

5.502 

2.392 

6.419 

2.791 

7.336 

3.190 

8.254 

3.589 

664 

23} 

2.014 

5.492 

2.416 

6.407 

2.819 

7.322 

3.222 

8.238 

3.625 

66* 

240 

2.034 

5.481 

2.440 

6.395 

2.847 

7.308 

3.254 

8.222 

3.661 

66° 

m 

2.054 

5.471 

2.464 

6.382 

2.875 

7.294 

8.286 

8.206 

3.696 

65} 

m 

2.073 

6.460 

2.488 

6.370 

2.903 

7.280 

3.318 

8.190 

3.732 

65* 

m 

2.093 

6.449 

2.512 

6.357 

2.931 

7.265 

3.349 

8.173 

3.768 

65i 

25° 

2.113 

5.438 

2.536 

6.344 

2.958 

7.250 

3,381 

8.157 

3.804 

65° 

25i 

2.133 

5.427 

2.559 

6.331 

2.986 

7.236 

3.413 

8.140 

3.839 

64} 

25* 

2.163 

5.416 

2.583 

6.318 

3.014 

7.221 

8.444 

8.123 

3.875 

61* 

25} 

2.172 

6.404 

2.607 

6.305 

3.041 

7.206 

3.476 

8.106 

3.910 

64* 

26° 

2.192 

6.393 

2.630 

6.292 

3.069 

7.190 

8.507 

8.089 

3.945 

64° 

5 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

i 

S 
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3 
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? 

• 

I 

2 

Lat. 

Dep. 

Lat 

Dep. 

LaC. 

Dep. 

TAt 

Dep. 

Lat. 

2 

280 

0.899 

0.438 

1.798 

0.877 

2.606 

1.315 

8.596 

1.758 

4.494 

64» 
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4.511 

3.956 

6.263 

4.615 

6.015 

6.276 

6.767 

5.934 

481 

41* 

3.313 

4.494 

3.976 

5.243 

4.638 

6.992 

6.301 

6.741 

5.964 

48* 

411 

3.329 

4.476 

3.995 

5.222 

4.661 

6.968 

6.327 

6.716 

5.993 

48* 

42° 

3.346 

4.459 

4.015 

5.202 

4.684 

6.945 

6.853 

6.688 

6.022 

48° 

42* 

3.362 

4.441 

4.034 

5.182 

4.707 

6.922 

5.379 

6.662 

6.051 

47* 

42* 

3.378 

4.424 

4.054 

5.161 

4.729 

6.898 

6.405 

6.636 

6.080 

47* 

42* 

3.394 

4.406 

4.073 

5.140 

4.752 

6.876 

5.430 

6.609 

6.109 

47* 

43° 

3.410 

4.388 

4.092 

5.119 

4.774 

5.851 

5.456 

6.582 

6.138 

47° 

43* 

3.4*26 

4.370 

4.111 

5.099 

4.796 

5.827 

6.481 

6.555 

6.167 

46* 

43* 

3.442 

4.352 

4.130 

5.078 

4.818 

5.803 

6.607 

6.528 

6.196 

46* 

43* 

3.458 

4.334 

4.149 

5.057 

4.841 

6.779 

5.532 

6.501 

6.2!ii 

46* 

44° 

3.473 

4.316 

4.168 

5.035 

4.863 

6.755 

6.657 

6.474 

6.252 

46° 

44* 

3.489 

4.298 

4.187 

5.014 

4.885 

5.730 

6.582 

6.447 

6.280 

45* 

44* 

3.505 

4.280 

4.206 

4.993 

4.906 

5.706 

5.607 

6.419 

6.308 

46* 

44* 

3.520 

4.261 

4.224 

4.971 

4.928 

5.681 

5.632 

6.392 

6.336 

45* 

_45^ 

3.536 

4.243 

■  4.243 

4.9.'>0 

4.950 

5.657 

5.657 

6.364 

6.864 

48° 

Bear- 
ing. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat.    * 

leaf- 
leg. 
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SQUARES,  CUBES,  SQUARE  AND  CUBE  ROOTS, 
CIRCUMFERENCES,  AND  AREAS. 


No. 

Sqaare. 

Cube. 

Sq.  Boot. 

Cu.  Boot. 

Bedprocal. 

Circum. 

Area. 

1 

1 

1 

1.0000 

1.0000 

.100000000 

3.1416 

0.7854 

2 

4 

8 

1.4142 

1.2599 

.500000000 

6.2832 

3.1416 

3 

9 

27 

1.7321 

1.4422 

.333333333 

9.4248 

7.0686 

4 

16 

64 

2.0000 

1.5874 

.260000000 

12.5664 

12.5664 

6 

25 

125 

2.2361 

1.7100 

.200000000 

15.7080 

19.635 

6 

36 

216 

2.4495 

1.8171 

.166666667 

18.850 

28.274 

7 

49 

343 

2.6458 

1.9129 

.142857143 

21.991 

38.486 

8 

64 

612 

2.8284 

2.0000 

.125000000 

26.133 

60.266 

9 

81 

729 

3.0000 

2.0801 

.111111111 

28.274 

63.617 

10 

100 

1,000 

3.1623 

2.1544 

.100000000 

31.416 

78.640 

11 

121 

1,331 

3.3166 

2.2240 

.090909091 

34.558 

95.083 

12 

144 

1.728 

3.4641 

2.2894 

.083333333 

37.699 

113.10 

13 

169 

2,197 

3.6056 

2.3513 

.076923077 

40.841 

132.73 

14 

196 

2,744 

3.7417 

2.4101 

.071428571 

43.982 

153.91 

15 

225 

3,375 

3.8730 

2.4662 

.066666667 

47.124 

176.71 

16 

256 

4,096 

4.0000 

2.5198 

.062500000 

50.265 

201.06 

17 

289 

4,913 

4.1231 

2.5713 

.058823529 

53.407 

226.98 

18 

324 

5,832 

4.2426 

2.6207 

.05555.5556 

56.549 

254.47 

19 

361 

6,859 

4.3589 

2.6684 

.052631579 

59.690 

283.53 

20 

400 

8,000 

4.4721 

2.7144 

.050000000 

62.882 

314.16 

21 

441 

9,261 

4.5826 

2.7589 

.047619048 

65.973 

346.36 

22 

484 

10,648 

4.6904 

2.8020 

.045454546 

69.115 

380.13 

23 

529 

12,167 

4.7958 

2.8439 

.043478261 

72.257 

415.48 

24 

576 

13,824 

4.8990 

2.8845 

.041666667 

75.398 

452.39 

25 

625 

15,625 

5.0000 

2.9240 

.040000000 

78.540 

490.87 

26 

676 

17,576 

5.0990 

2.9625 

.038461538 

81.681 

530.93 

27 

729 

19,683 

5.1962 

3.0000 

.037037037 

84.823 

672.66 

28 

784 

21,952 

5.2915 

3.0366 

.035714286 

87.965 

615.75 

29 

841 

24,389 

5.3852 

3.0723 

.034482759 

91.106 

660.62 

30 

900 

27.000 

5.4772 

3.1072 

.033333333 

94.248 

706.86 

31 

961 

29,791 

5.5678 

3.1414 

.032258065 

97.389 

754.77 

32 

1,024 

32,768 

5.6569 

3.1748 

.031250000 

100.63 

804.25 

33 

1,089 

35,937 

5.7446 

3.2075 

.030303030 

103.67 

855.80 

34 

1,156 

39,304 

5.8310 

3.2396 

.029411765 

106.81 

907.92 

35 

1,225 

42,875 

5.9161 

3.2717 

.028571429 

109.96 

962.11 

36 

i;296 

46,656 

6.0000 

3.3019 

.027777778 

113.10 

1,017.88 

37 

1,369 

50,653 

6.0828 

3.3322 

.027027027 

116.24 

1.075.21 

38 

1,444 

54,872 

6.1044 

3.3620 

.026315789 

119.38 

1,134.11 

39 

1,521 

59,319 

6.2450 

3.3912 

.025641026 

122.62 

1,194.69 

40 

1,600 

64,000 

6.3246 

3.4200 

.026000000 

125.66 

1,256.64 

41 

1,681 

68,921 

6.4031 

3.4482 

.024390244 

128.81 

1,320.25 

42 

1,764 

74,088 

6.4807 

3.4760 

.023809524 

131.95 

1,886.44 

43 

1,849 

79,507 

6.5574 

3.5034 

.02325.5814 

135.09 

1,452.20 

44 

1,936 

85,184 

6.6332 

3.5303 

.022727273 

138.23 

1,.520.63 

45 

2,025 

91,121 

6.7082 

3.5569 

.022222222 

141.37 

1,590.43 

46 

2,116 

97,336 

6.7823 

3.5830 

.021739130 

144.51 

1,661.90 

47  ' 

2,209 

103,823 

6.8557 

3.6088 

.021276600 

147.65 

1,734.94 

48 

2,304 

110,592 

6.9282 

3.6342 

.0208.33338 

150.80 

1,809.56 

49 

2,401 

117,649 

7.0000 

3.6593 

.020408163 

153.94 

1,885.74 

50 

2,500 

125,000 

7.0711 

3.6840 

.020000000 

157.08 

1,963.50 

51 

2,601 

132,651 

7.1414 

3.7084 

.0196(37843 

160.22 

2,042.82 

52 

2,704 

140,608 

7.2111 

3.7325 

.0192.30769 

163.36 

2,123.72 

53 

2,809 

148,877 

7.2801 

3.7563 

.018867925 

166.50 

2,206.18 

54 

2,916 

157,464 

7.3485 

3.7798 

.Oia518.519 

169.65 

2,290.22 

55 

3,025 

166,375 

7.4102 

3.8030 

.018181818 

172.79 

2,375.83 

46 


SQUARES,  CUBES,  SQUARE  AND  CUBE  ROOTS, 


No. 

Square. 

CalM. 

Sq.  Root. 

Cn.  Boot. 

Reciprocal. 

Cireum. 

Area. 

56 

3,136 

175,616 

7.4833 

8.8259 

.017857143 

176.98 

2,463.01 

57 

3,249 

185,193 

7.6498 

3.8485 

.017543860 

179.07 

2,551.76 

58 

3,364 

195,112 

7.6158 

<  3.8709 

.017241379 

182.21 

2,642.06 

59 

8,481 

205,379 

7.6811 

3.8930 

.016949153 

186.35 

2,733.97 

60 

3,600 

216,000 

7.7460 

3.9149 

.016666667 

188.50 

2,827.43 

61 

3,721 

226,981 

7.8102 

3.9366 

.016393443 

191.64 

2,922.47 

62 

3,844 

238,328 

7.8740 

3.9579 

.016129032 

194.78 

3,019.07 

63 

3,969 

250,047 

7.9373 

3.9791 

.015873016 

197.92 

3,117.25 

64 

4,096 

262,144 

8.0000 

4.0000 

.015625000 

201.06 

3,216.* 

65 

4,225 

274,625 

8.0623 

4.0207 

.016384615 

204.20 

3,318.31 

66 

4,356 

287,496 

8.1240 

4.0412 

.015161615 

207.34 

3,421.19 

67 

4,489 

300,763 

8.1854 

4.0615 

.014926373 

210.49 

3,525.&5 

68 

4,624 

314,432 

8.2462 

4.0817 

.014706882 

213.63 

3,631.68 

69 

4,761 

328,509 

8.3066 

4.1016 

.014492754 

216.77 

3.739.2S 

70 

4,900 

343,000 

8.3666 

4.1213 

.014285714 

219.91 

3,848.45 

71 

5,041 

367,911 

8.4261 

4.1408 

.014084617 

223.06 

8,959.19 

72 

5,184 

373,248 

8.4863 

4.1602 

.013888889 

226.19 

4,071.50 

73 

5,329 

389,017 

8.5440 

4.1793 

.013698630 

229.34 

4,185.3^ 

74 

5,476 

405,224 

8.6023 

4.1983 

.013513514 

232.48 

4,300.^ 

75 

5,625 

421.876 

8.6603 

4.2172 

.013333333 

236.62 

4,417.86 

76 

5,776 

438,976 

8.7178 

4.2358 

.013157895 

238.76 

4,536.46 

77 

5,929 

456,533 

8.7750 

4.2643 

.012987013 

241.90 

4,656.63 

78 

6,084 

474,552 

8.8318 

4.2727 

.012820613 

246.04 

4,778.36 

79 

6,241 

493,039 

8.8882 

4.2908 

.012658228 

248.19 

4,901.67 

80 

6,400 

512,000 

8.9443 

4.3089 

.012500000 

251.33 

6,026.55 

81 

6,561 

631,441 

9.0000 

4.3267 

.012346679 

254.47 

5,153.0(; 

82 

6,724 

551,368 

9.0554 

4.3446 

.012195122 

257.61 

5,281.02 

83 

6,889 

571,787 

9.1104 

4.3621 

.012048193 

260.75 

5,410.61 

84 

7.056 

592.704 

9.1652 

.  4.3796 

.011904762 

263.89 

5,541.77 

85 

7,225 

614,125 

9.2196 

4.3968 

.011764706 

267.04 

5,674.50 

86 

7,396 

636,056 

9.2736 

4.4140 

.011627907 

270.18 

5,808.80 

87 

7,569 

668,503 

9.3274 

4.4310 

.011494253 

273.32 

5,944.68 

88 

7,744 

681,472 

9.3808 

4.4480 

.011363636 

276.46 

6,082.12 

89 

7,921 

704,969 

9.4340 

4.4647 

.011235956 

279.60 

6,221.14 

90 

8,100 

729,000 

9.4868 

4.4814 

.011111111 

282.74 

6,361.73 

91 

8,281 

753,571 

9.5394 

4.4979 

.010989011 

285.88 

6,503.88 

92 

8,464 

778,688 

9.5917 

4.5144 

.010869665 

289.03 

6,647.61 

93 

8,649 

804,357 

9.6437 

4.5307 

.010752688 

292.17 

6,792.91 

94 

8,836 

830,584 

9.6954 

4.5468 

.010638298 

295.31 

6.939.78 

95 

9,025 

857,375 

9.7468 

4.6629 

.010526316 

298.45 

7,088.22 

96 

9,216 

884,736 

9.7980 

4.5789 

.410416667 

301.59 

7,238.23 

97 

9,409 

912,673 

9.8489 

4.5947 

.010309278 

304.73 

7,389.81 

98 

9,604 

941,192 

9.8995 

4.6104 

.010204082 

307.88 

7,542.96 

99 

9,801 

970,299 

9.9499 

4.6261 

.010101010 

311.02 

7,697.69 

100 

10,000 

1,000,000 

10.0000 

4.6416 

.010000000 

314.16 

7,853.98 

101 

10,201 

1,030,301 

10.0499 

4.6670 

.009900990 

317.30 

8,011.85 

102 

10,404 

1,061,208 

10.0996 

4.6723 

.009803922 

320.44 

8,171.28 

103 

10,609 

1,092,727 

10.1489 

4.6875 

.009708738 

323.58 

8.332.29 

104 

10,816 

1,124,864 

10.1980 

4.7027 

.009615386 

326.73 

8,494.87 

105 

11,025 

1,157,625 

10.2470 

4.7177 

.009523810 

329.87 

8,659.01 

106 

11,236 

1,191,016 

10.2956 

4.7326 

.009433962 

333.01 

8,824.73 

107 

11,449 

1,225,043 

10.3441 

4.7476 

.009346794 

336.15 

8,992.02 

108 

■  11,664 

1,259,712 

10.3923 

4.7622 

.009259269 

339.29 

9,160.88 

109 

11.881 

1,295,029 

10.4403 

4.7769 

.009174312 

342.43 

9,331.32 

110 

12,100 

1,331,000 

10.4881 

4.7914 

.009090909 

346.68 

9,503.32 

111 

12,321 

1,367,631 

10.6357 

4.8059 

.009009009 

348.72 

9,676.89 

112 

12,544 

1,404,928 

10.5830 

4.8203 

.008928571 

351.86 

9,852.03 

113 

12,769 

1,442,897 

10.6801 

4.8346 

.008849558 

355.00 

10,028.75 

114 

12,996 

1,481,544 

10.6771 

4.8488 

.008771930 

358.14 

10.207.03 

115 

13,225 

1,520,875 

10.7238 

4.8629 

.008696652 

361.28 

10,386.89 

116 

13,466 

1,560,896 

10.7703 

4.8770 

.008020690 

364.42 

10,568.32 

117 

13,689 

1,601,613 

10.8167 

4.8910 

.008547009 

367.57 

10,761.32 

118 

13,924 

1,643,032 

10.8628 

4.9049 

.008474576 

870.71 

10,935.88 

CIRCUMFERENCES,  AND  AREAS. 
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No. 

Square. 

Cabe. 

Sq.  Boot. 

Cu.  Boot. 

Beclprocal. 

Cireiim. 

Area. 

Q9 

14,161 

1,685,159 

10.9087 

4.9187 

.008403361 

373.85 

11,122.02 

120 

14,400 

1,728,000 

10.9545 

4.9324 

.008333333 

376.99 

11,309.73 

121 

14,641 

1,771,561 

11.0000 

4.9461 

.008264463 

380.13 

11,499.01 

122 

14,834 

1,815,848 

11.0454 

4.9597 

.008196721 

383.27 

11,689.87 

123 

15,129 

1,860,867 

11.0905 

4.9732 

.008130081 

386.42 

11,882.29 

124 

15,376 

1,906,624 

11.1355 

4.9866 

.008064516 

389.56 

12,076.28 

125 

15,625 

1,953,125 

11.1803 

5.0000 

.008000000 

392.70 

12,271.85 

126 

15,876 

2,000,376 

11.2250 

5.0133 

.007936508 

395.84 

12,468.98 

127 

16,129 

2,048,383 

11.2694 

5,0265 

.00'/874016 

398.98 

12,667.69 

128 

16,384 

2,097,152 

11.3137 

5.0397 

.007812500 

402.12 

12,867.96 

129 

16,641 

2,146,689 

11.3578 

5.0528 

.007751938 

405.27 

13,069.81 

130 

16,900 

2,197,000 

11.4018 

5.0658 

.007692308 

408.41 

13,273.23 

131 

17,161 

2,248,091 

11.4455 

5.0788 

.007633588 

411.55 

13,478.22 

132 

17,424 

2,299,968 

11.4891 

5.0916 

.007575758 

414.69 

13,684.78 

m 

17,689 

2,352,637 

11.5326 

5.1M5 

.007518797 

417.83 

13,892.91 

134 

17,956 

2,406,104 

11.5758 

5.1172 

.007462687 

420.97 

14,102.61 

135 

18,225 

2,460,375 

11.6190 

5.1299 

.007407407 

424.12 

14,313.88 

136 

18,496 

2,515,456 

11.6619 

5.1426 

.007352941 

427.26 

14,526.72 

1X7 

18,769 

2,571,353 

11.7047 

5.1551 

.007299270 

430.40 

14,741.14 

138 

19,044 

2,628,072 

11.7473 

51676 

.007246377 

433.54 

14,957.12 

139 

19.321 

2,685,619 

11.7898 

5.1801 

.007194245 

436.68 

15,174.68 

140 

19,600 

2,744,000 

11.8322 

5.1925 

.007142857 

439.82 

15,393.80 

141 

19,881 

2,803,221 

11.8743 

5.2048 

.007092199 

442.96 

15,614.50 

142 

20,164 

2,863,288 

11.9164 

5.2171 

.007042254 

446.11 

15,836.77 

143 

20.449 

2,924,207 

11.9583 

5.2293 

.006993007 

449.25 

16,060.61 

144 

20,736 

2,985,984 

12.0000 

5.2415 

.006944444 

452.39 

16,286.02 

145 

21,025 

3,048,625 

12.0416 

5.2536 

.006896552 

455.53 

16,513.00 

146 

21,316 

3,112,136 

12.0830 

5.2656 

.006849315 

458.67 

16,741.55 

147 

21,609 

3,176,523 

12.1244 

5.2776 

.006802721 

461.81 

16,971.67 

148 

21,904 

3.241,792 

12.1655 

5.2896 

.006756757 

464.96 

17,203.36 

149 

22,201 

3,307,949 

12.2066 

5.3015 

.006711409 

468.10 

17,436.62 

150 

22,500 

3,375,000 

12.2474 

5.3133 

.006666667 

,  471.24 

17,671.46 

151 

22,801 

3,442,951 

12.2882 

5.3251 

.006622517 

474.38 

17,907.86 

152 

23,104 

3,511.008 

12.3288 

5.3368 

.006578947 

477.52 

18,145.84 

153 

23,409 

3,581,577 

12.3693 

5.3485 

.006535948 

480.66 

18,385.39 

154 

23,716 

3,652,264 

12.4097 

5.3601 

.006493506 

483.81 

18,626.50 

155 

24,025 

3,723,875 

12.4499 

5.3717 

.006451613 

486.95 

18,869.19 

156 

24,336 

3,796,416 

12.4900 

5.3832 

.006410256 

490.09 

19,113.45 

157 

24,649 

3,869,893 

12.5300 

5.3947 

.006369427 

493.23 

19,359.28 

158 

24,964 

3,944,312 

12.5698 

5.4061 

.006329114 

496.37 

19,606.68 

159 

•25,281 

4,019,679 

12.6095 

5.4175 

.006289308 

499.51 

19,855.65 

160 

25.600 

4,096,000 

12.6i91 

5.4288 

.006250000 

502.65 

20,106.19 

161 

25,921 

4,173,281 

12.6886 

5.4401 

.006211180 

505.80 

20,358.31 

162 

26,244 

4,251,528 

12.7279 

5.4514 

.006172840 

508.94 

20,611.99 

163 

26,569 

4,330,747 

12.7671 

5.4626 

.006134969 

512.08 

20,867.24 

164 

26,896 

4,410,944 

12.8062 

5.4737 

.006097561 

515.22 

21,124.07 

165 

27,225 

4,492,125 

12.8452 

5.4848 

.006060606 

518.36 

21,382.46 

166 

27,556 

4,574,296 

12.8841 

5.4959 

.006024096 

521.50 

21,642.43 

167 

27,889 

4,657,463 

12.9228 

5.5069 

.005988024 

524.65 

21,903.97 

\i6a 

28,224 

4,741. 6;i2 

12.9615 

5.5178 

.005952381 

527.79 

22,167.08 

169 

28,561 

4,826,809 

13.0000 

5.5288 

.005917160 

530.93 

22,431.76 

170 

28,900 

4,913,000 

13.9384 

5.5397 

.005882353 

534.07 

22,698.01 

171 

29,241 

5,000.211 

13.0767 

5.5505 

.005847953 

537.21 

22,965.83 

112 

2^,584 

5,088,448 

13.1149 

5.5613 

.005813953 

540.35 

23,235.22 

173 

29,929 

5,177,717 

13.1529 

5.5721 

.005780347 

543.50 

23,506.18 

174 

30,276 

5,268,024 

13.1909 

5.5828 

.005747126 

546.64 

23,778.71 

175 

30,625 

5,359,375 

13.2288 

5.5934 

.005714286 

549.78 

24,052.82 

17( 

)       30.976 

5,451,776 

13.2665 

5.6041 

.005681818 

552.92 

24,328.49 

IT 

^        31.R29 

5,545,233 

13.3041 

5.6147 

.005649718 

556.06 

24,605.74 

m 

31,684 

5,639,752 

13.3417 

5.6252 

.005617978 

559.20 

24,884.56 

m 

32,041 

5,735,339 

13.3791 

5.6357 

.005586592 

562.35 

25,164.94 

180 

82,400 

5,832,000 

13.4164 

5.6462 

.005555556 

565.49 

25,446.90 

181 

32.761 

5,929,741 

13.4536 

5.6567 

.005524862 

568.63     25,730.43 

1 

48 


SQUARES,  CUBES,  SQUARE  AND  CUBE  ROOTS, 


No. 

33,124 

Cube. 

Sq.  Root. 

Cu.Boot. 

Reciprocal. 

Clrcom 

1       1 

Area. 

182 

6,028,568 

13.4907 

5.6671 

.005494606 

671.77 

26,015.53 

183 

33,489 

6,128,487 

13.5277 

6.6774 

.005464481 

574.91 

26,302.211 

184 

33,856 

6,229,504 

13.5647 

5.6877 

.006434783 

578.05 

26,690.41 

185 

34,225 

6,331,625 

13.6015 

5.6980 

.005405405 

681.19 

26,880J26 

186 

34,596 

6,434,866 

18.6382 

5.7083 

.006376344 

584.34 

27,171.63 

187, 

34,969 

6,539,203 

13.6748 

5.7185 

.005347594 

687.48 

27,464.59 

188 

35,344 

.  6,644,672 

13.7113 

5.7287 

.005319149 

690.62 

27,769.11 

189 

35,721 

6,751,269 

13,7477 

6.7388 

.006291005 

593.76 

28,055.21 

190 

36,100 

6.859,000 

13.7840 

6.7489 

.005263158 

696.90 

28,352-«: 

191 

36,481 

6,967,871 

13.8203 

6.7590 

.005235602 

600.04 

28,652.11 

192 

36,864 

7,077,888 

13.8664 

6.7690 

.005208333 

603.19 

28,952.92 

193 

37.249 

7,189,017 

13.8924 

6.7790 

.005181347 

606.38 

29,255.30 

194 

37,636 

7,301,384 

13.9284 

5.7890 

.005154639 

609.47 

29,559.25 

195 

38,025 

7,414,875 

13.9642 

6.7989 

.005128205 

612.61 

29,864.77 

196 

38,416 

7,529,536 

14.0000 

5.8088 

.005102041 

615.75 

30,171.86 

197 

38,809 

7,645,373 

14.0357 

5.8186 

.005076142 

618.89 

30,480.52 

198 

39,204 

7,762,392 

14.0712 

5.8285 

.0ft5O5O5O5 

622.04 

30,790.7.T 

199 

39.601 

7,880,599 

14.1067 

5.8383 

.005025126 

625.18 

31,102..V. 

200 

40,000 

8,000,000 

14.1421 

5.8480 

.005000000 

628.32 

31,415.93 

201 

40,401 

8,120,601 

14.1774 

6.8578 

.004975124 

631.46 

31,730.87 

202 

40,804 

8,242,408 

14.2127 

5.8675 

.004950496 

634.60 

32,047.39 

203 

41,209 

8,365,427 

14.2478 

5.8771 

.004926108 

637.74 

32,365.47 

204 

41,616 

8,489,664 

14.2829 

5.8868 

.004901961 

640.88 

32,685.13 

'2m 

42,025 

8,615,125 

14.3178 

5.8964 

.004878049 

644.03 

33,006.36 

206 

42,436 

8,741,816 

14.3527 

5.9059 

.004854369 

647.17 

33,329.16 

207 

42,849 

8.869,743 

14.3875 

6.9155 

.004830918 

650.31 

33,653.53 

208 

43,264 

8,998,912 

14.4222 

6.9250 

.004807692 

653.45 

33,979.47 

209 

43,681 

9,129,329 

14.4568 

6.9345 

.004784689 

656.59 

34,306.98 

210 

44,100 

9,261,000 

14.4914 

5.9439 

.004761905 

659.73 

34,636.06 

211 

44.521 

9,393,931 

14.5258 

5.9533 

.004739336 

662.88 

34,966.71 

212 

44,944 

9,528,128 

14.5602 

6.9627 

.004716981 

666.02 

36,298.W  ' 

213 

45.369 

.  9,663,597 

14.5945 

6.9721 

.004694836 

669.16 

35,632.73 

214 

45.796 

9,800,344 

14.6287 

6.9814 

.004672897 

672.30 

35,968.09 

215 

46.225 

9,938,375 

14.66-29 

6.9907 

.004651163 

675.44 

36,305.03 

216 

46,656 

10,077,696 

14.6969 

6.0000 

.004629630 

678.58 

36,643.M 

217 

47,089 

10,218,313 

14.7309 

G.0092 

.004608295 

681.73 

36,983.61 

218 

47,524 

10,360.232 

14.7648 

6.0185 

.004587156 

684.87 

37,325.26 

210 

47,961 

10,503.459 

14.7986 

6.0277 

.004566210 

688.01 

37,668.48 

220 

48.400 

10,648,000 

14.8324 

6.0368 

.004545455 

691.15 

38,013.27 

221 

48,^1 

10.793,861 

14.8661 

6.0459 

.004524887 

694.29 

38,359.63 

2«>> 

49,284 

10,941,048 

14.8997 

6.0550 

.004504505 

697.43 

38,707.56 

223 

49,729 

11,089,567 

14.9332 

6.0641 

.004484305 

700.58 

39,057.07 

224 

50.176 

11,239,424 

14.9666 

6.0782 

.004464286 

703.72 

39,408.14 

225 

50,625 

11,390,625 

15.0000 

6.0822 

.004444444 

706.86 

39,760.78 

226 

51,076 

11,543,176 

15.0333 

6.0912 

.004424779 

710.00 

40,115.00  1 

227 

51,529 

11,697.083 

15.0665 

6.1002 

.004405286 

713.14 

40,470.78  ' 

228 

51,984 

11,852.352 

15.0997 

6.1091 

.004385966 

716.28 

40,828.14 

229 

52,441 

12.008.989 

15.1327 

6.1180 

.004366812 

719.42 

41,187.07 

230 

52,900 

12,167.000 

15.1658 

6.1269 

.004347826 

722.57 

41,547.56 

231 

53,361 

12,326,391 

15.1987 

6.1358 

.004329004 

725.71 

41,909.6;^ 

232 

53,824 

12.487,168 

15.2315 

6.1446 

.004310346 

728.85 

42,273.27 

233 

54.289 

12,649,337 

15.2643 

6.1534 

.004291846 

731.99 

42,638.48 

2:m 

54,756 

12,812,904 

15.2971 

6.1622 

.004273604 

735.13 

43,005.26 

235 

55.225 

12.977,875 

15.3297 

6.1710 

.004255319 

738.27 

43,873.61 

23<) 

55,696 

13,144.256 

15.3623 

6.1797 

.004237288 

741.42 

43,743.54   1 

237 

56,169 

13.312,  a53 

15.3948 

6.1885 

.004219409 

744.56 

44,115.03   1 

238 

56,644 

13,481,272 

15.4272 

6.1672 

.004201681 

747.70 

44,488.09 

239 

57.121 

13,651,919 

15.4596 

6.2058 

.004184100 

750.84 

44,862.73   ' 

240 

57.600 

13,824,000 

15.4919 

6.2145 

.004166667 

753.98 

45,238.93 

241 

58,081 

13,997,521 

15.5242 

6.2281 

.004149378 

767.12 

45,616.71 

24l> 

58,564 

14,172.488 

15.5563 

6.2317 

.004132231 

760.27 

45,996.06 

243 

59.049 

14.348.907 

15.5885 

6.2403 

.004115226 

763.41 

46,876.96 

244 

59,536 

14,526,784 

15.6205 

6.2488 

.004098361 

766.55 

46,759.47 

CIRCVMFESENCES,  AND  AREAS. 


54< 


No. 

Sqa«re. 

Cube. 

Sq.  Boot. 

Cu.  Root. 

Reciprocal. 

Circuin. 

Area. 

245 

60,025 

14,706,126 

15.6525 

6.2573 

.004081633 

769.69  ,  47,143.52 

246 

60.516 

14,886,936 

15.6844 

6.2658 

.004065041 

772.83 

47,529.16 

247 

61,009 

15,069,223 

15.7162 

6.2743 

.004048583 

775.97 

47,916.36 

248 

61,504 

15,252,992 

15.7480 

6.2828 

.004032258 

779.11 

48,305.13 

249 

62,001 

15,438,249 

15.7797 

6.2912 

.004016064 

782.26 

48,695.47 

250 

62,500 

15,625,000 

15.8114 

6.2996 

.004000000 

785.40 

49,087.39 

251 

6:^,001 

15,813,251 

15.8430 

6.3080 

.003984064 

788.54 

49,480.87 

•262 

63,504 

16,003,008 

15.8745 

6.3164 

.003968254 

791.68 

49,875.92 

253 

64,009 

16,194,277 

15.9060 

6.3247 

.003952569 

794.82 

50,272.55 

'254 

64,516 

16,387,064 

15.9374 

6.3330 

.003937008 

797.96 

50,070.75 

255 

65,025 

16,581,375 

15.9687 

6.3413 

.003921569 

801.11 

51,070.52 

256 

65,536 

16,777,216 

16.0000 

6.3496 

.003906250 

804.25 

51,471.85 

257 

66,049 

16,974,593 

16.0312 

6.3579 

.003891051 

807.39 

51,874.76 

258 

66,564 

17,173,512 

16.0624 

6.3661 

.003875969 

810.53 

62,279.24 

259 

67,081 

17,373,979 

16.0935 

6.3743 

.003861004 

813.67 

52,685.29 

260 

67,600 

17,576,000 

16.1245 

6.3825 

.003846154 

816.81 

53,092.92 

261 

C8,121 

17,779,581 

16.1555 

6.3907 

.003831418 

819.96 

53,502.11 

262 

68,644 

17,984,728 

16.1864 

6.3988 

.003816794 

823.10 

53,912.87 

263 

69,169 

18,191,447 

16.2173 

6.4070 

.003802281 

826.24 

54,325.21 

264 

69,696 

18,399.744 

16.2481 

6.4151 

.003787879 

829.38 

54,739.11 

265 

70.225 

18,609,625 

16.2788 

6.4232 

.003773585 

832.52 

55,154.59 

266 

70.756 

18,821,096 

16.3095 

6.4312 

.003759398 

835.66 

55,571.63 

267 

71,289 

19,034,163 

16.3401 

6.4393 

.003745318 

838.81 

55,990.25 

268 

71,824 

19,248,832 

16.3707 

6.4473 

.003731343 

841.95 

56,410.44 

269 

72,361 

19,465,109 

16.4012 

6.4553 

.003717472 

845.09 

56,832.20 

270 

72,900 

19,683,000 

16.4317 

6.4633 

.003703704 

848.23 

57,255.53 

271 

73,441 

19,902,511 

16.4621 

6.4713 

.003690037 

851.37 

57,680.43 

272 

73,984 

20,123,643 

16.4924 

6.4792 

.003676471 

854.51 

58,106.90 

273 

74,529 

20,346,417 

16.5227 

6.4872 

.003663004 

857.65 

58,534.94 

274 

75,076 

20,570,824 

16.5529 

6.4951 

.003649635 

860.80 

58,964.55 

275 

75,625 

20,796,875 

16.5831 

6.5030 

.003636364 

863.94 

59,395.74 

276 

76,176 

21,024,576 

16.6132 

6.5108 

.003623188 

867.08 

69,828.49 

277 

76,729 

21,253,933 

16.6433 

6.5187 

.003610108 

870.22 

60,262.82 

278 

77,284 

21,484,952 

16.6783 

6.5265 

.003597122 

873.36 

60,698.71 

•279 

77,841 

21,717,639 

16.7033 

6.5343 

.00a'>84229 

876.50 

61,136.18 

280 

78,400 

21,952,000 

16.7332 

6.5421 

.003571429 

879.65 

61,575.22 

281 

78,961 

2'2,188,041 

16.7631 

6.5499 

.003558719 

882.79 

62,015.82 

282 

79,524 

22,425,768 

16.7929 

6.5577 

.003546099 

885.93 

62,458.00 

283 

80,089 

22,665,187 

16.8226 

6.5654 

.00:^3569 

889.07 

62,901.75 

284 

80,656 

22,906,304 

16.8523 

6.5731 

.003522127 

892.21 

63,347.07 

285 

81,225 

23,149,125 

16.8819 

6.5808 

.003508772 

895.35 

63,793.97 

286 

81,796 

23,393,656 

16.9115 

6.5885 

.003496503 

898.50 

64,242.43 

287 

82,369 

23,639,903 

16.9411 

6.5962 

.003484-^21 

901.64 

64,692.46 

288 

82,944 

23,887,872 

16.9706 

6.6039 

.003472222 

904.78 

65,144.07 

289 

83,521 

24,137,569 

17.0000 

6.6115 

.003460208 

907.92 

65,597.24 

290 

84,100 

24,389,000 

17.0294 

6.6191 

.003448276 

911.06 

66,051.99 

291 

84,681 

24,642,171 

17.0587 

6.6267 

.003436426 

914.20 

66,508.30 

292 

85,264 

24,897,088 

17.0880 

6.6343 

.003424658 

917.35 

66,966.19 

293 

85,849 

25,1^3,757 

17.1172 

6.6419 

.003412%9 

920.49 

67,425.65 

294 

86,436 

25,412,184 

17.1464 

6.6494 

.003401361 

923.63 

67,886.68 

295 

87,025 

25,672,375 

17.1756 

6.6569 

.003389831 

926.77 

68,349.28 

296 

87,616 

25,934,836 

17.2047 

6.6644 

.003378378 

929.91 

68,813.45 

297 

88,209 

26,198,073 

17.2337 

6.6719 

.003367003 

933.05 

69,279.19 

298 

88,804 

26,463,592 

17.2627 

6.6794 

.003355705 

936.19 

69,746.50 

299 

89,401 

26,730,899 

17.2916 

6.6869 

.003344482 

939.34 

70,215.38 

300 

90,000 

27,000,000 

17.3205 

6.6943 

.00333:«33 

942.48 

70,685.83 

301 

90,601 

27,270,901 

17.3494 

6.7018 

.003322259 

945.62 

71,157.86 

302 

91,204 

27,543,608 

17.3781 

6.7092 

.003311258 

948.76 

71,631.45 

303 

91,809 

27,818,127 

17.4069 

6.7166 

.003301330 

951.90 

72,106.62 

304 

92,416 

28,094,464 

17.4356 

6.7240 

.003289474 

955.04 

72,583.36 

305 

93,025 

28,372,625 

17.4642 

6.7313 

.003278689 

958.19 

73,061.66 

306 

93,636 

28,652,616 

17.4929 

6.7387 

.003267974 

961.33 

73,541.54 

307 

94,249 

28,934,443 

17.5214 

6.7460 

.003257329 

964.47 

74,022.99 

SQUARES,  CUBES,  SQUARE  AND  CUBE  ROOTS, 


No. 

Square. 

308 

94,864 

309 

95,481 

310 

96,100 

311 

96,721 

312 

97,344 

313 

97,969 

314 

98,596 

315 

99,225 

316 

99,856 

317 

100,489 

318 

101,124 

319 

101,761 

320 

102,400 

321 

103,041 

322 

103,684 

323 

104,329 

324 

104,976 

325 

105,625 

326 

106,276 

327 

106,929 

3-28 

107,584 

329 

108,241 

330 

108,900 

331 

109,561 

332 

110,224 

333 

110,889 

334 

111,556 

335 

112,225 

336 

112,8% 

337 

113,569 

338 

114,244 

339 

114,921 

340 

115,600 

341 

116,281 

342 

116,964 

343 

117,649 

344 

118,336 

345 

119,025 

346 

119,716 

347 

120,409 

348 

121,104 

349 

121,801 

3.50 

122,500 

351 

123,201 

352 

123,904 

353 

124,609 

354 

125,316 

355 

126.025 

356 

126,736 

357 

127,449 

358 

128,164 

359 

128,881 

360 

129,600 

361 

130,321 

362 

131,044 

363 

131,769 

364 

132,496 

365 

133,225 

366 

133,956 

367 

134,689 

368 

135,424 

369 

136,161 

370 

136,900 

29,218,112 
29,503,629 
29,791,000 
30,080,231 
30,371,328 
30,664,297 
30,959,144 
31,255,875 
31,554,496 
31,855,013 
32,157,432 
32,461,759 
32,768,000 
33,076,161 
33,386,248 
33,698,267 
34,012,224 
34,328,125 
34,645,976 
34,965.783 
35,287,552 
35,611,289 
35,937,000 
36,264,691 
36,594,368 
36,926,037 
37,259,704 
37,595,375 
37,933,056 
38,272,753 
38,614,472 
38,958,219 
39,304,000 
39,651,821 
40,001,688 
40,353,607 
40,707,584 
41,063,625 
41,421,736 
41,781,923 
42,144,192 
42,508,549 
42,875,000 
43,243,551 
43,614,208 
43,986,977 
44,361,864 
44,738,875 
45,118,016 
45,499,293 
45,882,712 
46,268,279 
46,656,000 
47,045,881 
47,437,928 
47,832,147 
48,228,544 
48,627,125 
49.027,896 
49,430,863 
49.836,032 
50,243,409 
50,653,000 


Sq.  Boot. 

Ca.  Root. 

17.5499 

6.7533 

17.5784 

6.7606 

17.6068 

6.7679 

17.6352 

6.7752 

17.6636 

6.7824 

17.6918 

6.7897 

17.7200 

6.7969 

17.7482 

6.8041 

17.7764 

6.8113 

17.8045 

6.8185 

17.8326 

6.8256 

17.8606 

6.8328 

17.8885 

6.8399 

17.9165 

6.8470 

17.9444 

6.8541 

17.9722 

6.8612 

18.0000 

6.8683 

18.0278 

6.8753 

18.0555 

6.8824 

18.0831 

6.8894 

18.1108 

6.8964 

18.1384 

6.9034 

18.1659 

6.9104 

18.1934 

6.9174 

18.2209 

6.9244 

18.2483 

6.9313 

18.2757 

6.9382 

18.3030 

6.9451 

18.3303 

6.9521 

18.3576 

6.9589 

18.3848 

6.9658 

18.4120 

6.9727 

18.4391 

6.9795 

18.4662 

6.9864 

18.4932 

6.9932 

18.5203 

7.0000 

18.5472 

7.0068 

18.5742 

7.0136 

18.6011 

7.0203 

18.6279 

7.0271 

18.6548 

7.0338 

18.6815 

7.0406 

18.7083 

7.0473 

18.7350 

7.0540 

18.7617 

7.0607 

18.7883 

7.0674 

18.8149 

7.0740 

18.8414 

7.0807 

18.8680 

7.0873 

18.8944 

7.0940 

18.9209 

7.1006 

18.9473 

7.1072 

18.9737 

7.1138 

19.0000 

7.1204 

19.0263 

7.1269 

19.0526 

7.1335 

19.0788 

7.1400 

19.1050 

7.1466 

19.1311 

7.1531 

19.1572 

7.1596 

19.1833 

7.1661 

'  19.2094 

7.1726 

,19.2354 

7.1791 

Reciprocal.       Cireom.  Area. 


.003246753 
.003236246 
.003225806 
.003215434 
.003205128 
.003194888 
.003184713 
.003174603 
.003164557 
.003154574 
.003144654 
.003134796 
.003125000 
.003115265 
.003105590 
.003095975 
.003086420 
.003076923 
.003067485 
.003058104 
.003048780 
.003039514 
.003030303 
.003021148 
.008012048 
.003003003 
.002994012 
.002985075 
.002976190 
.002967359 
.002958580 
.002949853 
.002941176 
.002932551 
.002923977 
.002915452 
.002906977 
.002898551 
.002890173 
.002881844 
.002873563 
.002865330 
.002857143 
.002849003 
.002840909 
.002832861 
.002824859 
.002816901 


.002801120 
.002793296 
.002785515 
.002777778 
.002770083 
.002762431 
.002754821 
.002747253 
.002739726 
.002732240 
.002724796 
.002717391 
.002710027 
.002702703 


967.61 
970.75 
973.89 
977.04 
960.18 
983.32 
966.46 
989.60 
992.74 
995.88 
999.03 
1,002.17 
1,005.31 
1,008.45 
1,011.59 
1,014.73 
1,017.88 
1,021.02 
1,024.16 
1,027.30 
1,030.44 
1,033.58 
1,036.73 
1.039.87 
1,043.01 
1,046.15 
1,049.29 
1,052.43 
1,055.58 
1,058.72 
1,061.86 
1,065.00 
1,068.14 
1,071.28 
1,074.42 
1,077.57 
1,080.71 
1,083.85 
1,086.99 
1,090.13 
1,093.27 
1,096.42 
1,099.56 
1,102.70 
1,105.84 
1,108.98 
1,112.12 
1,115.27 
1,118.41 
1,121.55 
1,124.69 
1,127.83 
1,130.97 
1.134.11 
1,137.26 
1,140.40 
1,143.54 
1,146.68 
1,149.82 
1,152.96 
1,156.11 
1,159.25 
1,162.39 


74,5 

74,9  ^ 

75,476.31 

75,?-"^' 

76,4   ^ 

76.944JII 

77,437.1t 

77,981Jf 

78,426.« 

78.923.88 

79,422.« 

79,922J0 

80,424.77 

80,928.21 

81,433.22 

81,939.80 

82,447.96 

82,957.68 

83,468.98 

83,961.84 

84,496.28 

85,012.28 

85,529.86 

86,049.01 

86,569.73 

87,092.02 

87,615.88 

88,141.31 

88,668.31 

89,1%.88 

89,727.03 

90,258.74 

90,792.03 

91,326.88 

91,863.31 

92,401.31 

92,940.88 

93,482.02 

94.024.73 

94,569.01 

95,114.86 

95,662.28 

96,211.'28 

96,761.84 

97,313.97 

97,867.68 

96,422.% 

98,979.80 

99,538.22 

100,098.21 

100,659.77 

101,222.90 

101,787.60 

102,353.87 

102,921.72 

103,491.13 

104,062.12 

104,634.67 

105,206.80 

106,784.49 

106,361.76 

106,940.60 

107,521.01 


CIRCUMFERENCES,  AND  AREAS. 


bt 


So. 

Squmre. 

Cube. 

Sq.  Boot. 

Ca.  Boot. 

Reciprocal. 

Clroum. 

Area. 

571 

137,641 

61,064,811 

19.2614 

7.1855 

.002695418 

1,165.53 

108,102.98 

872 

138,384 

61,478,848 

19.2873 

7.1920 

.002688172 

1,168.67 

108,686.64 

373 

139,129 

61,896,117 

19.3182 

7.1984 

.002680965 

1,171.81 

109,271.66 

J74 

139,876 

62,313,624 

19.3391 

7.2048 

.002673797 

1,174.96 

109,868.35 

875 

140,625 

62,734,375 

19.3649 

7.2112 

.002666667 

1,178.10 

110,446.62 

S76 

141,376 

63,157,376 

19.39(»7 

7.2177 

.002659574 

1,181.24 

111,036.45 

J77 

142,129 

63,582,638 

19.4165 

7.2240 

.002652520 

1,184.38 

111.627.86 

J78 

142,884 

54,010,162 

19.4422 

7.2304 

.002645503 

1,187.52 

112,220.83 

579 

143,641 

54,439,939 

19.4679 

7.2368 

.002638521 

1,190.66 

112,815.38 

580 

144,400 

54,872,000 

19.4936 

7.2432 

.002681579 

1,193.81 

113,411.49 

581 

145,161 

55,306,341 

19.5192 

7.2495 

.002624672 

1,196.96 

114,009.18 

582 

145,924 

55,742,968 

19.5448 

7.2558 

.002617801 

1,200.09 

114,608.44 

383 

146,689 

56.181,887 

19.5704 

7.2622 

.002610966 

1,203.23 

115,209.27 

384 

147,456 

66,623,104 

19.5959 

7.2685 

.002604167 

1,206.37 

115,811.67 

385 

148,225 

57,066,625 

19.6214 

7.2748 

.002597403 

1,209.61 

116,415.64 

386 

148,996 

57,512,456 

19.6469 

7.2811 

.002590674 

1,212.65 

117,021.18 

387 

149,769 

57,960,603 

19.6723 

7.2874 

.002583979 

1.215.80 

117,628.30 

388 

150,544 

58,411,072 

19.6977 

7.2936 

.002577320 

1,218.94 

118,236.98 

^589 

161,321 

58,863,869 

19.7231 

7.2999 

.002570694 

1,222.08 

118,847.24 

390 

152,100 

69,319,000 

19.7484 

7.3061 

.002564103 

1,225.22 

119,459.06 

391 

152,881 

59,776,471 

19.7787 

7.3124 

.002557545 

1,228.36 

120,072.46 

392 

153,664 

60,236,288 

19.7990 

7.3186 

.002551020 

1,231.50 

120,687.42 

393 

154,449 

60,698,457 

19.8242 

7.3248 

.002544529 

1,234.65 

121,303.96 

394 

156,236 

61,162,984 

19.8494 

7.3310 

.002538071 

1,237.79 

121,922.07 

396 

156,025 

61,629,875 

19.8746 

7.3372 

.002531646 

1,240.93 

122,541.75 

396 

156,816 

62,099,136 

19.8997 

7.3434 

.002525253 

1,244.07 

123,163.00 

397 

157,609 

62,670,773 

19.9249 

7.3496 

.002518892 

1,247.21 

123.785.82 

398 

158,404 

63,044,792 

19.9499 

7.3558 

.002512563 

1,250.35 

124,410.21 

399 

159,201 

63,521,199 

19.9750 

7.3619 

.002506266 

1,253.50 

125,036.17 

400 

160,000 

64,000,000 

20.0000 

7.3681 

.002500000 

1,256.64 

125,663.71 

401 

160,801 

64,481,201 

20.0250 

7.3742 

.002493766 

1,259.78 

126,292.81 

402 

161,604 

64,964,808 

20.0499 

7.3803 

.002487562 

1,262.92 

126,923.48 

403 

162,409 

65,460,827 

20.0749 

7.3864 

.002481390 

1,266.06 

127,555.73 

404 

163,216 

65,939,264 

20.0998 

7.3925 

.002475248 

1,269.20 

128,189.56 

405 

164,025 

66,430,125 

20.1246 

7.3986 

.002469136 

1,272.35 

128,824.93 

406 

164,836 

66,923,416 

20.1494 

7.4047 

.002463054 

1,275.49 

129,461.89 

407 

165,649 

67,419,143 

20.1742 

7.4108 

.002457002 

1,278.63 

130,100.42 

408 

166,464 

67,917,312 

20.1990 

7.4169 

.002450980 

1,281.77 

130,740.52 

409 

167,281 

68,417,929 

20.2237 

7.4229 

.002444988 

1,284.91 

131,382.19 

410 

168,100 

68,921,000 

20.2485 

7.4290 

.002439024 

1,288.05 

132,025.43 

411 

168,921 

69,426,531 

20.2731 

7.4350 

.002433090 

1,291.19 

132,670.24 

412 

169,744 

69,934,528 

20.2978 

7.4410 

.002427184 

1,294.34 

133,316.63 

413 

170,569 

70,444,997 

20.3224 

7.4470 

.002421308 

1,297.48 

133,964.58 

414 

171,396 

70,957,944 

20.3470 

7.4530 

.002415459 

1,300.62 

134,614.10 

415 

172,225 

71,473,375 

20.3715 

7.4590 

.002409639 

1,303.76 

135,265.20 

416 

173,056 

71,991,296 

20.3961 

7.4650 

.002406846 

1,306.90 

135,917.86 

417 

173,889 

72,511,713 

20.4206 

7.4710 

.002398082 

1,310.04 

136,572.10 

418 

174,724 

73,034,632 

20.4450 

7.4770 

.00-2392344 

1,313.19 

137,227.91 

419 

175,561 

73,560,059 

20.4695 

7.4829 

.002386635 

1,316.33 

137,885.29 

420 

176,400  • 

74,088,000 

20.4939 

7.4889 

.002380952 

1,319.47 

138,544.24 

421 

177,241 

74,618,461 

20.5183 

7.4948 

.002375297 

1,322.61 

139,204.76 

422 

178,084 

75,151,448 

20.5426 

7.5007 

.002369668 

1,325.75 

139,866.85 

423 

178,929 

75,686,967 

20.5670 

7.5067 

.002364066 

1,328.89 

140,530.51 

424 

179,776 

76.225,024 

20.5913 

7.5126 

.002358491 

1,332.04 

141.195.74 

425 

180,625 

76,765,625 

20.6165 

7.518.1 

.002352941 

1,335.18 

141,862.54 

426 

181,476 

77,308,776 

20.6398 

7.5244 

.002347418 

1,338.32 

142,530.92 

427 

182,329 

77,854,483 

20.6640 

7.5302 

.002341920 

1,341.46 

143,200.86 

428 

183,184 

78,402.752 

20.6882 

7.5361 

.002336449 

1,344.60 

143,872.38 

429 

184,041 

78,953,589 

20.7123 

7.5420 

.002331002 

1,347.74 

144,545.46 

430 

184,900 

79,507,000 

20.7364 

7.5478 

.002325581 

1,350.88 

145,220.12 

431 

185,761 

80,062,991 

20.7605 

7.5537 

.002320186 

1,354.03 

145.896.35 

432 

186,624 

80,621,568 

20.7846 

7.5595 

.002314815 

1,357.17 

146,574.15 

433 

187,489 

81,182,737 

20.8087 

7.5654 

.002309469 

1,360.31 

147,253.52 

52 

SQUARES,  CUBES,  SQUARE  AND  CUBE  ROOTS, 

No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Boot. 

Reciprocal. 

Circom. 

Area. 

434 

188,356 

81,746,504 

20.8327 

7.5712 

.002304147 

1,363.45 

147,!»34.46 

435 

189,225 

82,312,875 

20.8567 

7.5770 

.002298851 

1,366.59 

148,616.97 

436 

190,096 

82,881,856 

20.8806 

7.5828 

.002293578 

1,369.73 

149,301.a5 

437 

190,969 

83,463,453 

20.9045 

7.5886 

.002288330 

1,372.88 

149,986.70 

438 

191,844 

84,027,672 

20.9284 

7.5944 

.002283105 

1,376.02 

150,673.93 

439 

192,721 

^4,604,519 

20.9523 

7.6001 

.002277904 

1,379.16 

151,362.72 

440 

193,600 

85,184,000 

20.9762 

7.6a59 

.002272727 

1,382.30 

162,053.06 

441 

194,481 

85,766,121 

21.0000 

7.6117 

.002267574 

1,385.44 

162,745.02 

442 

195,364 

86,350,888 

21.0238 

7.6174 

.002262443 

1,388.58 

153,438.53 

443 

196,249 

86,938,307 

21.0476 

7.6232 

.002257336 

1,391.73 

154,133.60 

444 

197,136 

87,528,384 

21.0713 

7.6289 

.002252252 

1,394.87 

154,830.25 

445 

198,025 

88,121,125 

21.0950 

7.6346 

.002247191 

1,398.01 

155,628.47 

446 

198,916 

88,716,586 

21.1187 

7.6403 

.002242152 

1,401.15 

156,228.26 

447 

199,809 

89,314,623 

21.1424 

7.6460 

.002237136 

1,404.29 

156,929.62 

448 

200,704 

89,915,392 

21.1660 

7.6517 

.002232143 

1,407.43 

157,632.55 

449 

201,601 

90,518,849 

21.1896 

7.6574 

.002227171 

1,410.58 

158,337.06 

450 

202,500 

91,125,000 

21.2132 

7.6631 

.002222222 

1,413.72 

159,043.13 

451 

203,401 

91,733,851 

21.2368 

7.6688 

.002217295 

1,416.86 

159,750.77 

452 

204,304 

92,345,408 

21.2603 

7.6744 

.002212389 

1,420.00 

160,469.99 

453 

205,209 

92,959,677 

21.2838 

7.6801 

.002207506 

1,423.14 

161,170.77 

454 

206,116 

93,576,664 

21.3073 

7.6857 

.002202643 

1,426.28 

161,883.13 

455 

207,025 

94,196,375 

21.3307 

7.6914 

.002197802 

1,429.42 

162,597.05 

456 

207,936 

94,818,816 

21.3542 

7.6970 

.002192982 

1,432.57 

163,312.55 

457 

208,849 

95,443,993 

21.3776 

7.7026 

.002188184 

1,435.71 

164,029.62 

458 

209,764 

96,071,912 

21.4009 

7.7082 

.002183406 

1,438.85 

164,748.26 

459 

210,681 

96,702,579 

21.4243 

7.7188 

.002178649 

1,441.99 

165,468.47 

460 

211,600 

97,336,000 

21.4476 

7.7194 

.002173913 

1,445.13 

166,190.25 

461 

212,521 

97,972,181 

21.4709 

7.7250 

.002169197 

1,448.27 

166,913.60 

462 

213,444 

98,611,128 

21.4942 

7.7306 

.002164502 

1,451.42 

167,638.53 

463 

214,369 

99,252,847 

21.5174 

7.7362 

.002159827 

1,454.66 

168,365.02 

464 

215,296 

99,897,344 

21.5407 

7.7418 

.002155172 

1,457.70 

169,093.08 

465 

216,225 

100,544,625 

21.5639 

7.7473 

.002150538 

1,460.84 

169.822.72 

466 

217,156 

101,194,696 

21.5870 

7.7529 

.002145923 

1,463.98 

170,653.92 

467 

218,089 

101,847,563 

21.6102 

7.7584 

.002141328 

1,467.12 

171,286.70 

468 

219,024 

102,503,232 

21.6333 

7.7639 

.002136752 

1,470.27 

172,021.05 

469 

219,961 

103,161,709 

21.6564 

7.7695 

.002132196 

1,473.41 

172,756.97 

470 

220,900 

103,823,000 

21.6795 

7.7750 

.002127660 

1,476.65 

173,494.45 

471 

221,841 

104,487,111 

21.7025 

7.7805 

.002123142 

1,479.69 

174,233.51 

472 

222,784 

105,154,048 

21.7256 

7.7860 

.002118644 

1,482.83 

174,974.14 

473 

223,729 

105,823,817 

21.7486 

7.7915 
7.7970 

.002114165 

1,485.97 

176,716.35 

474 

224,676 

106,496,424 

21.7715 

.002109705 

1,489.11 

176,460.12 

475 

225,625 

107,171.875 

21.7945 

7.8025 

.002105263 

1,492.26 

177,205.46 

476 

226,576 

107,850,176 

21.8174 

7.8079 

.002100840 

1,495.40 

177,952.37 

477 

227,529 

108,531,333 

21.8403 

7.8134 

.002096486 

1,498.54 

178.700.86 

478 

228,484 

109,215,352 

21.8632 

7.8188 

.002092050 

1,501.68 

179,450.91 

479 

229,441 

109,902,239 

21.8861 

7.8243 

.002087683 

1,504.82 

180,202.54 

4S0 

.230,400 

110,592,000 

21.9089 

7.8297 

.002083333 

1,507.96 

180,955.74 

481 

231,361 

111,284,641 

21.9317 

7.8352 

.002079002 

1,511.11 

181,n0.50 

482 

232,324 

111,980,168 

21.9545 

7.8406 

.002074689 

1,514.25 

182,466.84 

483 

233,289 

112,678,587 

21.9775 

7.8460 

.002070393 

1.517.39 

183,224.75 

484 

234,256 

113,379,904 

22.0000 

7.8514 

.002066116 

1,520.53 

183,984.23 

485 

235,225 

114,084.125 

22.0227 

7.8568 

.002061856 

1,523.67 

184,745.28 

486 

236,196 

114,791,256 

22.0454 

7.8622 

.002057613 

1,526.81 

185,507.90 

487 

237,169 

115,501,303 

22.0681 

7.8676 

.002053388 

1,529.96 

186,272.10 

488 

238,144 

116,214,272 

22.0907 

7.8730 

.002049180 

1,533.10 

187,037.86 

4S9 

239,121 

116,930,169 

22.1133 

7.8784 

.002044990 

1,536.24 

187,805.19 

490 

240,100 

117,649,000 

22.1359 

7.8837 

.002040816 

1,539.38 

188,574.10 

491 

241.081 

118,370,771 

22.1585 

7.8891 

.002036660 

1,542.52 

189,344.57 

492 

242,064 

119,095,488 

22.1811 

7.8944 

.002032520 

1,545.66 

190,116.62 

493 

243,049 

119,823,157 

22.2036 

7.8998 

.002028398 

1,648.81 

190,890.24 

494 

244,036 

120,553,784 

22.2261 

7.9051 

.002024291 

1,661.^ 

191,665.43 

495 

245.025 

121,287,375 

22.2486 

7.9105 

.002020292 

1,565.09 

192,442.18 

496 

246,016 

122,023,936 

22.2711 

7.9158 

.002016129 

1,568.28 

193,220.51 
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No.  1 

1 

Square. 

Cube. 

Sq.Root. 

Cu.Eoot. 

Reciprocal. 
.002012072 

Clronm. 

Area. 

497 

247,009 

122,763,473 

22.2985 

'  7.9211 

1,561.37 

194,000.41 

498 

248,004 

123,505,992 

22.3159 

7.9264 

.002006032 

1,564.51 

194,781.89 

499 

249,001 

124,251,499 

22.3383 

7.9317 

.002004008 

1,567.65 

195,564.93 

500 

250,000 

125,000,000 

22.3607 

7.9370 

.002000000 

1,570.80 

196,349.54 

501 

251,001 

125,751,501 

22.3830 

7.9423 

.001996008 

1,573.94 

197,135.72 

502 

252,004 

126,506,008 

22.4054 

7.9476 

.001992032 

1,577.08 

197,923.4S 

503 

253,009 

127,263,527 

22.4277 

7.9528 

.001988072 

1,580.22 

198,712.80 

504 

254,016 

128,024,064 

22.4499 

7.9581 

.001984127 

1,583.36 

199,503.70 

505 

255,025 

128,787,625 

22.4722 

7.96.34 

.001980198 

1,586.50 

200,296.17 

506 

256,036 

129,554,216 

22.4944 

7.9686 

.001976285 

1,589.65 

201,090.20 

507 

257,049 

130,323,843 

22.5167 

7.9739 

.001972387 

1,592.79 

201,885.81 

508 

258,064 

131,096,512 

22.5389 

7.9791 

.001968604 

1,595.93 

202,682.99 

509 

259,081 

131,872,229 

22.5610 

7.9843 

.001964637 

1,599.07 

203,481.74 

510 

260,100 

132,651,000 

22.5832 

7.9895 

.001960785 

1,602.21 

204,282.06 

511 

261,121 

133,432,831 

22.6053 

7.9948 

.001956947 

1,605.35 

205,083.95 

512 

262,144 

134,217,728 

22.6274 

8.0000 

.001953125 

1,608.50 

205,887.42 

513 

263,169 

135,005,697 

22.6495 

8.0052 

.001949318 

1,611.64 

206,692.45 

514 

264,196 

135,796,744 

22.6716 

8.0104 

.001945525 

1,614.78 

207,499.05 

515 

265,225 

136,590,875 

22.6936 

8.0156 

.001941748 

1,617.92 

208,307.23 

516 

266,256 

137,388,096 

22.7156 

8.0208 

.001937984 

1,621.06 

209,116.97 

517 

267,289 

138,188,413 

22.7376 

8.0260 

.001934236 

1,624.20 

209,928.29 

518 

268,324 

138,991,832 

22.7596 

8.0311 

.001930502 

1,627.34 

210,741.18 

519 

269,361 

139,798,359 

22.7816 

8.0363 

.001926782 

1,630.49 

211,555.63 

520 

270,400 

140,608,000 

22.8035 

8.0415 

.001923077 

1,633.63 

212,371.66 

521 

271,411 

141,420,761 

22.8254 

8.0466 

.001919386 

1,636.77 

213,189.26 

522 

272,484 

142,236,618 

22.8473 

8.0517 

.001915709 

1,639.91 

214,008.43 

523 

273,529 

143,055,667 

22.8692 

8.0569 

.001912046 

1,643.05 

214,829.17 

524 

274,576 

143,877,824 

22.8910 

8.0620 

.001908397 

1,646.19 

215,651.49 

525 

275,625 

144,703,125 

22.9129 

8.0671 

.001904762 

1,649.34 

216,475.37 

526 

276,676 

145,531,576 

22.9347 

8.0723 

.001901141 

1,652.48 

217,300.82 

527 

277,729 

146,363,183 

22.9565 

8.0774 

.001897533 

1,655.62 

218,127.85 

528 

278.784 

147,197,952 

22.9783 

8.0825 

.001893939 

1,658.76 

218,956.44 

529 

279,841 

148,035,889 

23.0000 

8.0876 

.001890359 

1,661.90 

219,786.61 

530 

280,900 

148,877,001 

23.0217 

8.0927 

.001886792 

1,665.04 

220,618.34 

531 

281,961 

149,721,291 

23.0434 

8.0978 

.001883239 

1,668.19 

221,461.65 

532 

283,024 

150,568,768 

23.0651 

8.1028 

.001879699 

1,671.33 

222,286.53 

533 

284,089 

151,419,437 

23.0868 

8.1079 

.001876173 

1,674.47 

223,122.98 

534 

285,156 

152,273,304 

23.1084 

8.1130 

.001872659 

1,677.61 

223,961.00 

535 

286,225 

153,130,375 

23.1301 

8.1180 

.001869159 

1,680.75 

224,800.59 

536 

287,296 

153,990,656 

23.1517 

8.1231 

.001865672 

1,683.89 

225,641.75 

537 

288,369 

154,854,153 

23.1733 

8.1281 

.001862197 

1,687.04 

226,484.48 

538 

289,444 

155,720,872 

23.1948 

8.1332 

.001858736 

1,690.18 

227,328.79 

539 

290,521 

156,590,819 

23.2164 

8.1382 

.001855288 

1,693.32 

228,174.66 

540 

291,600 

157,464,000 

23.2379 

8.1433 

.001851852 

1,696.46 

229,022.10 

541 

292,681 

158,340,421 

23.2594 

8.1483 

.001848429 

1,699.60 

229,871.1-2 

542 

293,764 

159,220,088 

23.2809 

8.1533 

.001845018 

1,702.74 

230,721.71 

543 

294,849 

160,103,007 

23.3024 

8.15«^ 

.001841621 

1,705.88 

231,573.86 

544 

295,936 

160,989,184 

23.3238 

8.1633 

.001838235 

1,709.03 

232,427.59 

545 

297,025 

161,878,625 

23.3452 

8.1683 

.001834862 

1.712.17 

233,282.89 

546. 

298,116 

162,771,336 

23.3666 

8.1733 

.001831502 

1,715.31 

234,139.76 

547 

299,209 

163,667,323 

23.3880 

8.1783 

.001828154 

1,718.45 

234,998.20 

548 

300,304 

•  164,566,592 

23.4094 

8.1833 

.001824818 

1,721.59 

235,858.21 

549 

301,401 

165,469,149 

23.4307 

8.1882 

.001821494 

1,724.73 

236,719.79 

550 

302,500 

166,375,000 

23.4521 

8.1932 

.001818182 

1,727.88 

237,582.91 

551 

303,601 

167,284,151 

23.4734 

8.1982 

.001814882 

1,731.02 

238,447.67 

552 

304,704 

168,196,608 

23.4947 

8.2031 

.031811594 

1,734.16 

239,313.96 

553 

305,809 

169,112,377 

23.5160 

8.2081 

.001808318 

1,737.30 

240,181.83 

554 

306,916 

170,031,464 

23.5372 

8.2130 

.001805054 

1,740.44 

241,051.26 

555 

308,025 

170,953,875 

23.5584 

8.2180 

.001801802 

1,743.58 

241,922.27 

556 

309,136 

171,879,616 

23.5797 

8.2229 

.001798561 

1,746.73 

242,794.80 

557 

310,249 

172,808,693 

23.6008 

8.2278 

.001795332 

1,749.87 

243,668.99 

558 

311,364 

173,741,112 

23.6220 

8.2327 

.001792115 

1,753.01 

244,544.71 

559 

312.481 

174.676.879 

23.6432 

8.2377 

.001788909 

1.756.15 

245.422.00 
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No. 

Square. 

Cube. 

Sq.  Boot.   Co.  Boot 

Beciprocal. 

Ciremii. 

J 

Area. 

560 

313,600 

175,616,000 

23.6643 

8.2426 

.001785714 

1,769.29  ,246,300.86 

561 

314,721 

176,558,481 

23.6854 

8.2475 

.001782531 

1,762.43  1247,181.30 

562 

315,844 

177,504,328 

23.7065 

8.2524 

.001779369 

1,765.58  '248,063.30 

563 

316,969 

178,463,547 

23.7276 

8.2573 

.001776199 

1,768.72  1248,946.87 

564 

318,096 

179,406,144 

23.7487 

8.2621 

.001773050 

1,771.86  1249.832.01 

565 

319,225 

180,362,125 

23.7697 

8.2670 

.001769912 

1,775.00    250.7ia73 

566 

320.356 

181,321,496 

23.7908 

8.2719 

.001766784 

1,778.14  '251,607.01 

567 

321,489 

182,284,263 

23.8118 

8.2768 

.001763668 

1,781.28    252,496.87 

568 

322,624 

183,250,432 

23.aS28 

8.2816 

.001760563 

1,784.42    253,388.30 

569 

323,761 

184,220,009 

23.8537 

8.2865 

.001757469 

1,787.57  ,'254,281.29 

570 

324,900 

185,193,000 

23.8747 

8.2913 

.001754386 

1,790.71  '255,175.86 

571 

326,041 

186,169,411 

23.8956 

8.2962 

.001751313 

1,793.85    256,072.00 

572 

327,184 

187,149,248 

23.9165 

8.3010 

.001748252 

1,796.99    256,969.71 

573 

328,329 

188,132,517 

23.9374 

8.3059 

.001745201 

1,800.13    257,868.99 

574 

329,476 

189,119,224 

23.9583 

8.3107 

.001742164 

1,803.27    258,769.85 

575 

330,625 

190,109,375 

23.9792 

8.3155 

.001739130 

1,806.42   259,672.27 

576 

331,776 

191,102,976 

24.0000 

8.3203 

.001736111 

1,809.56   260,576.26 

577 

332,929 

192,100,033 

24.0208 

8.3251 

.001733102 

1,812.70    261,481.83 

578 

334,084 

193,100,552 

24.(W16 

8.3300 

.001730104 

1,815.84   262,388.96 

579 

336,241 

194,104,539 

24.0624 

8.&348 

.001727116 

1,818.98   263,297.67 

580 

336,400 

195,112,000 

24.0832 

8.3396 

.001724138 

1,822.12   264,207.94 

581 

337,561 

196,122,941 

24.1039 

8.3443 

.001721170 

1,825.27   265,119.79 

582 

338,724 

197,137,368 

24.1247 

8.3491 

.001718213 

1,828.41   266,033.21 

583 

339,889 

198,155,287 

24.1454 

8.3539 

.001715266 

1,831.65  266,948.20 

584 

341,056 

199,176,704 

24.1661 

8.3587 

.001712329 

1,834.69  267,864.76 

585 

342,225 

200,201,625 

24.1868 

8.3634 

.001709402 

1,837.83  268,782.89 

586 

343,396 

201,230,056 

24.2074 

8.3682 

.001706485 

1,840.97  269,702.69 

587 

344,569 

202,262,003 

24.2281 

8.3730 

.001703578 

1,844.11  270,623.86 

588 

345,744 

203,297,472 

24.2487 

8.3777 

.001700680 

1,847.26  271,546.70 

589 

346,921 

204,336,469 

24.2693 

8.3825 

.001697793 

1,850.40  272,471.12 

590 

348,100 

205,379,000 

24.2899 

8.3872 

.001694915 

1,853.54  273,397.10 

591 

349,281 

206,425,071 

24.3105 

8.3919 

.001692047 

1,856.68  274,324.66 

592 

350,464 

207,474,688 

24.3311 

8.3967 

.001689189 

1,859.82  ,275,253.78 

593 

351,649 

208,527,857 

24.3516 

8.4014 

.001686341 

1,862.96  |276,184.48 

594 

352,836 

209,584,584 

24.3721 

8.4061 

.001683502 

1,866.11  |277. 116.76 

595 

354,025 

210,644,875 

24.3926 

8.4108 

.001680672 

1,869.25  i278,050.58 

596 

355,216 

211,708,736 

24.4131 

8.4155 

.001677852 

1,872.39 

278,985.99 

597 

356,409 

212,776,173 

24.4336 

8.4202 

.001675042 

1,875.53 

279.922.97 

598 

357,604 

213,847,192 

24.4540 

8.4249 

.001672241 

1,878.67 

280,861.52 

599 

358,801 

214,921,799- 

24.4745 

8.4296 

.001669449 

1,881.81 

281,801.65 

600 

360,000 

216,000,000 

24.4949 

8.4343 

.001666667 

1,884.96 

282,743.34 

601 

361,201 

217,081,801 

24.5153 

8.4390 

.001663894 

1,888.10 

283,686.60 

602 

362,404 

218,167,208 

24.6357 

8.4437 

.001661130 

1,891.24 

284,631.44 

603 

363,609 

219,256,227 

24.5561 

8.4484 

.001658375 

1,894.38 

285,577.84 

604 

364,816 

220,348,864 

24.5764 

8.4530 

.001655629 

1,897.52 

286,525.82 

605 

366,025 

221,445,125 

24.5968 

8.4577 

.001652893 

1,900.66 

287,475.36 

606 

367,236 

222,545,016 

24.6171 

8.4623 

.001650165 

1,903.81 

288,426.48 

607 

368,449 

223,648,543 

24.6374 

8.4670 

.001647446 

1,906.96 

289,379.17 

608 

369,664 

224,755,712 

24.6577 

8.4716 

.001644737 

1,910.09 

290,333.43 

609 

370,881 

225,866,529 

24.6779 

8.4763 

.001642036 

1,913.23 

291,289.26 

610 

372,100 

226,981,000 

24.6982 

8.4809 

.001639344 

1,916.37 

292,246.66 

611 

373,321 

228,099,131 

24.7184 

8.4856 

.001636661 

1,919.61 

293,205.63 

612 

374,544 

229,220,928 

24.7386 

8.4902 

.001633987 

1,922.65 

294,166.17 

613 

375,769 

230,346,397 

24.7588 

8.4948 

.001631321 

1,925.80 

295,128.28 

614 

376,996 

231,475,544 

24.7790 

8.4994 

.001628664 

1,928.94 

296,091.97 

615 

378,225 

232,608,375 

24.7992 

8.5040 

.001626016 

1,932.08 

297.057.22 

616 

379,456 

233,744,896 

24.8193 

8.5086 

.001623377 

1,935.22 

298,024.05 

617 

380,689 

234,885,113 

24.8395 

8.5132 

.001620746 

1,938.36 

298,992.44 

618 

381,924 

236,029,032 

24.8596 

8.5178 

.001618123 

1,941.50 

299,962.41 

619 

383,161 

237,176,659 

24.8797 

8.5224 

.001615509 

L,944.65 

300,933.95 

620 

384,400 

238,328,000 

24.8998 

8.5270 

.001612903 

1,947.79 

301.907.05 

621 

385,641 

239,483,061 

24.9199 

8.5316 

.001610306    ] 

L,950.93 

302,881.73 

622 

386,884 

240,641,848 

24.9399 

8.5362 

.001607717    ] 

L,964.07 

303,857.98 
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No. 

Square. 

Cabe. 

Sq.  Boot 

Co.  Boot. 

Beoiprooal. 

Clrcum. 

Area. 

623 

388,129 

241,804,367 

24.9600 

8.5408 

.001605136 

1,957.21 

304,835.80 

624 

889,376 

242,970,624 

24.9800 

8.6453 

.001602564 

1,960.35 

305,815.20 

625 

390,625 

244,140,625 

25.0000 

8.5499 

.001600000 

1,963.50 

306,796.16 

626 

391,876 

245,314,376 

25.0200 

8.5544 

.001597444 

1,966.64 

307,778.69 

627 

393,129 

246,491,883 

25.0400 

8.5589 

.001594896 

1,969.78 

308,762.79 

628 

394,384 

247,673,152 

25.0599 

8.5635 

.001592357 

1,972.92 

309,748.47 

629 

395,641 

248,858,189 

25.0799 

8.5681 

.001589825 

1,976.06 

310,735.71 

630 

396,900 

250,047,000 

25.0998 

8.5726 

.001587302 

1,979.20 

311,724.53 

631 

398,161 

251,239,591 

25.1197 

8.5772 

.001584786 

1,982.35 

312.714.92 

632 

399,424 

252,435,968 

25.1396 

8.5817 

.001582278 

1,985.49 

313,706.88 

633 

400,689 

253,636,137 

25.1595 

8.5862 

.001579779 

1,988.63 

314,700.40 

634 

401,956 

254,840,104 

25.1794 

8.5907 

.001577287 

1,991.77 

315,695.50 

635 

403,225 

256,047,875 

25.1992 

8.5952 

.001574803 

1,994.91 

316,692.17 

636 

404,496 

257,259,456 

25.2190 

8.5997 

.001572327 

1,998.05 

317,690.42 

637 

405,769 

258,474,853 

25.2389 

8.6043 

.001569859 

2,001.19 

318,690.23 

638 

407,044 

259,694,072 

25.2587 

8.6088 

.001567398 

2,004.34 

319,691.61 

639 

408,321 

260,917.119 

25.2784 

8.6132 

.001564945 

2,007.48 

320,694.56 

640 

409,600 

262,144,000 

25.2982 

8.6177 

.001562500 

2,010.62 

321,699.09 

641 

410,881 

263,374,721 

25.3180 

8.6222 

.001560062 

2,013.76 

322.705.18 

642 

412,164 

264,609,288 

25.3377 

8.6267 

.001557632 

2,016.90 

323,712.85 

643 

413,449 

265.847,707 

25.3574 

8.6312 

.001555210 

2,020.04 

324,722.09 

644 

414,736 

267,089,984 

25.8772 

8.6357 

.001552795 

2,023.19 

325,732.89 

645 

416,125 

268,336,125 

25.3969 

8.6401 

.001550388 

2,026.33 

326,745.27 

646 

417,316 

269,585,136 

25.4165 

8.6446 

.001547988 

2,029.47 

327,759.22 

647 

418,609 

270,840,023 

25.4362 

8.6490 

.001545595 

2,032.61 

328,774.74 

648 

419,904 

272,097,792 

25.4558 

8.6535 

.001543210 

2,035.75 

329.791.83 

649 

421,201 

273,359,449 

25.4755 

8.6579 

.001540^32 

2,038.89 

330,810.49 

650 

422,500 

274,625,000 

25.4951 

8.6624 

.001538462 

2,042.04 

331,830.72 

651 

423,801 

275,894,451' 

25.5147 

8.6668 

.001536098 

2,045.18 

332,852.53 

652 

425,104 

277,167,808 

25.5343 

8.6713 

.001533742 

2,048.32 

333.875.90 

653 

426,409 

278,445,077 

25.5539 

8.6757 

.001531394 

2,051.46 

334,900.85 

654 

427,716 

279,726,264 

25.5734 

8.6801 

.001529052 

2,054.60 

335.927.36 

655 

429,025 

281,011,375 

25.5930 

8.6845 

.001526718 

2,057.74 

336,955.45 

656 

430,336 

282,300,416 

25.6125 

8.6890 

.001524390 

2,060.88 

337,985.10 

657 

431,639 

283,593,393 

25.6320 

8.6934 

.001522070 

2,064.03 

339,016.33 

658 

432,964 

284,890,312 

25.6515 

8.6978 

.001519751 

2,067.17 

340,049.13 

659 

434,281 

286,191,179 

25.6710 

8.7022 

.001517451 

2,070.31 

341,083.50 

660 

435,600 

287,496,000 

25.6905 

8.7066 

.001515152 

2,073.45 

342,119.44 

661 

436,921 

288,804,781 

25.7099 

8.7110 

.001512859 

2,076.59 

343,156.95 

662 

438,244 

290,117,528 

25.7294 

8.7154 

.001510574 

2,079.73 

344,196.03 

663 

439,569 

291,434.247 

25.7488 

8.7198 

.001508296 

2,082.88 

345,236.69 

664 

440,896 

292,754,944 

25.7682 

8.7241 

.001506024 

2,086.02 

346,278.91 

665 

442,225 

294,079,625 

25.7876 

8.7285 

.001503759 

2,089.16 

347,322.70 

666 

443,556 

295,408,296 

25.8070 

8.7329 

.001501502 

2,092.30 

348,368.07 

667 

444,899 

296,740,963 

25.8263 

8.7373 

.001499250 

2,095.44 

349,415.00 

668 

446,224 

298,077,632 

25.8457 

8.7416 

.001497006 

2,098.58 

350,463.51 

669 

447,561 

299,418,309 

25.8650 

8.7460 

.001494768 

2,101.73 

351,513.59 

670 

448.900 

300.763,000 

25.8844 

8.7503 

.001492537 

2,104.87 

352,565.24 

671 

450,241 

302,111,711 

25.9037 

8.7547 

.001490313 

2,108.01 

353,618.45 

672 

461,584 

303,464,448 

25.9230 

8.7590 

.001488095 

2,111.15 

354,673.24 

673 

452,929 

304,821,217 

25.9422 

8.7634 

.001485884 

2,114.29 

355,729.60 

674 

454,276 

306,182,024 

25.9615 

8.7677 

.001483680 

2,117.43 

356,787.54 

675 

455,625 

307,546,875 

25.9808 

8.7721 

.001481481 

2,120.58 

357,847.04 

676 

456,976 

308.915,776 

26.0000 

8.7764 

.001479290 

2,123.72 

358,908.11 

677 

458,329 

310,288,733 

26.0192 

8.7807 

.001477105 

2,126.86 

359,970.75 

678 

459,684 

311,665,752 

26.0384 

8.7850 

.001474926 

2,130.00 

361,034.97 

679 

461,041 

313,046.839 

26.0576 

8.7893 

.001472754 

2,133.14 

362,100.75 

680 

462,400 

314,432,000 

26.0768 

8.7937 

.001470588 

2,136.28 

363,168.11 

681 

463,761 

315,821,241 

26.0960 

8.7980 

.001468429 

2,139.42 

364,237.04 

682 

465,124 

317,214,568 

26.1151 

8.8023 

.001466276 

2,142.57 

365,307.54 

683 

466,489 

318,611,987 

26.1343 

8.8066 

.001464129 

2,145.71 

366,379.60 

684 

467,856 

320,013,504 

26.1534 

8.8109 

.001461988 

2,148.85 

367,453.24 

685 

469,225 

321,419,125 

26.1725 

8.8152     .001459854   1 

2,151.99  368,528.45  1 

m 


SQUARES,  CUBES,  SQUARE  AND  CUBE  ROOTS, 


No. 

Sqvure. 

Cube. 

Sq.  Boot. 

Cn.  Boot. 

Beciprocal. 

Circum. 

Area. 

686 

470,596 

322,828,856 

26.1916 

8.8194 

.001457726 

2,155.13 

369,6(».2S 

687 

471.969 

324,242,703 

26.2107 

8.8237 

.001455604 

2,158.27 

370,683.59 

688 

473,344 

325,660,672 

26.2298 

8.8280 

.001453488 

2,161.42 

371,763.51 

689 

474,721 

327,082,769 

26.2488 

8.8323 

.001451379  2,164.56 

372,845.00 

690 

476,100 

328,509,000 

26.2679 

8.8366 

.001449275 

2,167.70 

373,928.07 

691 

477,481 

829,939,371 

26.2869 

8.8408 

.001447178 

2,170.84 

375,012.70 

692 

478,864 

331,373,888 

26.3059 

8.8451 

.001445087 

2,173.98 

376,098.91 

693 

480,249 

332,812,557 

26.3249 

8.8493 

.001443001 

2,177.12 

377,186.68 

694 

481,636 

334,255,384 

26.3439 

8.8536 

.001440922 

2,180.27 

378,276.03 

695 

483,025 

335,702,375 

26.3629 

8.8678 

.001438849 

2,183.41 

379,366.95 

696  • 

484,416 

337.153,536 

26.3818 

8.8621 

.001436782 

2,186.55 

380,459.44 

697 

485,809 

338,608,873 

26.4008 

8.8663 

.001434720 

2,189.69 

381,553.50 

698 

487,204 

340,068,392 

26.4197 

8.8706 

.001432665 

2,192.83 

382,649.13 

699 

488,601 

341,532.099 

26.4386 

8.8748 

.001430615 

2,195.97 

383,746.33 

700 

490,000 

343,000,000 

26.4575 

8.8790 

.001428571 

2,199.11 

384,845.10 

701 

491,401 

344,472,101 

26.4764 

8.8833 

.001426534 

2,202.26 

385,945.44 

702 

492,804 

345,948,408 

26.4953 

8.8875 

.001424501 

2,205.40 

387,047.36 

703 

494,209 

347,428,927 

26.5141 

8.8917 

.001422475 

2,208.54 

388,150.84 

704 

495,616 

348,913,664 

26.5330 

8.8959 

.001420455 

2,211.68 

389,255.90 

705 

497,025 

350,402,625 

26.5518 

8.9001 

.001418440 

2,214.82 

390,362.52 

706 

498,436 

351,895,816 

26.5707 

8.9043 

.001416431 

2,217.96 

391,470.72 

707 

499,849 

353,393,243 

26.5895 

8.9085 

.001414427 

2,221.11 

392,580.49 

708 

501,264 

354,894,912 

26.6083 

8.9127 

.001412429 

2,224.25 

393,691.82 

709 

502,681 

356,400,829 

26.6271 

8.9169 

.001410437 

2,227.39 

394,804.73 

710 

504,100 

357,911,000 

26.6458 

8.9211 

.001408451 

2,230.53 

395,919.21 

711 

505,521 

359,425,431 

26.6646 

8.9253 

.001406470 

2,233.67 

397,035.26 

712 

506,944 

360,944,128 

26.6833 

8.9295 

.001404494 

2,236.81 

398,152.89 

713 

508,369 

362,467,097 

26.7021 

8.9337 

.001402525 

2,239.96 

399,272.08 

714 

509,796 

363,994,344 

26.7208 

8.9378 

.001400560 

2,243.10 

400,392.84 

715 

511,225 

365,525,875 

26.7395 

8.9420 

.001398601 

2,246.24 

401,515.18 

716 

512,656 

367,061,696 

26.7582 

8.9462 

.001396648 

2,249.38 

402,639^)8 

717 

514,089 

368,601,813 

26.7769 

8.9503 

.001394700 

2,252.52 

403,764.56 

718 

515,524 

370,146,232 

26.7955 

8.9545 

.001392758 

2,255.66 

404,891.60 

719 

516,961 

371,694,959 

26.8142 

8.9587 

.001390821 

2,258.81 

406,020.22 

720 

518,400 

373,248,000 

26.8328 

8.9628 

.001388889 

2,261.95 

407,150.41 

721 

519,841 

374,805,361 

26.8514 

8.9670 

.001386963 

2,265.09 

408,282.17 

722 

521,284 

376,367,048 

26.8701 

8.9711 

.001385042 

2,268.23 

409,415.50 

723 

522,729 

377,933,067 

26.8887 

8.9752 

.001383126 

2,271.37 

410,550.40 

724 

524,176 

379,503,424 

26.9072 

8.9794 

.001381215 

2,274.51 

411,686.87 

725 

525,625 

381,078,125 

26.9258 

8.9835 

.001379310 

2,277.65 

412,824.91 

726 

527.076 

382,657,176 

26.9444 

8.9876 

.001377410 

2,280.80 

413,964.52 

727 

528,529 

384,240,583 

26.9629 

8.9918 

.001375516 

2,283.94 

415,105.71 

728 

529,984 

385,828,352 

26.9815 

8.9959 

.001373626 

2,287.08 

416,248.46 

729 

531,441 

387,420,489 

27.0000 

9.0000 

.001371742 

2,290.22 

417,392.79 

730 

532,900 

389,017,000 

27.0185 

9.0041 

.001369863 

2,293.36 

418,538.68 

731 

5a4,361 

390,617,891 

27.0370 

9.0082 

.001367989 

2,296.50 

419,686.15 

732 

535,824 

392,223,168 

27.0555 

9.0123 

.001366120 

2,299.65 

420,836.19 

733 

537,289 

393,832,837 

27.0740 

9.0164 

.001364256 

2,302.79 

421,985.79 

734 

538,756 

395,446,904 

27.0924 

9.0205 

.001362398 

2,305.93 

423,137.97 

735 

540,225 

397,065,375 

27.1109 

9.0246 

.001360544 

2,309.07 

424,291.72 

736 

541,696 

398,688,256 

27.1293 

9.0287 

.001358696 

2,312.21 

425,447.04 

737 

543,169 

400,315,553 

27.1477 

9.0328 

.001356852 

2,315.35 

426,603.94 

738 

544,644 

401,947,272 

27.1662 

9.0369 

.001355014 

2,318.50 

427,762.40 

739 

546,121 

403,583,419 

27.1846 

9.0410 

.001353180 

2,321.64 

428,922.43 

740 

547,600 

405,224,000 

27.2029 

9.0450 

.001351351 

2,324.78 

430,084.03 

741 

549,801 

406,869,021 

27.2213 

9.0491 

.001349528 

2,327.92 

431,247.21 

742 

550,564 

408,518,488 

27.2397 

9.0532 

.001347709 

2,331.06 

432,411.95 

743 

552,049 

410,172,407 

27.2580 

9.0572 

.001345895 

2,334.20 

433,578.27 

744 

553,536 

411,830,784 

27.2764 

9.0613 

.001344086 

2,337.34 

434,746.16 

745 

555,025 

413,493,625 

27.2947 

9.0654 

.001342282 

2,340.49 

435,915.62  . 

746 

556.516 

415,160,936 

27.3130 

9.0694 

.001340483 

2,343.63 

437,086.64 

747 

558,009 

416,832,723 

27.3313 

9.0735 

.001338688 

2,846.77 

438,259.24 

748 

559,504 

418,508,992 

27.3496 

9.0775 

.001336898 

2,349.91 

439,433.41 

CIRCUMFERENCES,  AND  AREAS. 
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No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Boot. 

Beoiprooal. 

Ciroam. 

Area. 

749 

561,001 

420,189,749 

27.3679 

9.0816 

.001335113 

2,353.05 

440,609.16 

750 

562,500 

421,875,000 

27.3861 

9.0856 

.001383333 

2,356.19 

441,786.47 

751 

564,001 

423,564,751 

27.4044 

9.0896 

.001331558 

2,359.34 

442,965.35 

752 

565,504 

425,259,008 

27.4226 

9.0937 

.001829787 

2,362.48 

444,146.80 

753 

567,009 

426,957,777 

27.4408 

9.0977 

.001328021 

2,365.62 

445,327.83 

754 

568,516 

428,661,064 

27.4591 

9.1017 

.001326260 

2,368.76 

446,511.42 

755 

570,025 

430,368,875 

27.4773 

9.1057 

.001324503 

2,371.90 

447,696.59 

756 

571,536 

432,081,216 

27.4955 

9.1098 

.001322751 

2,375.04 

448,883.32 

757 

573,049 

433,798,093 

27.5136 

9.1138 

.001321004 

2,378.19 

450,071.63 

758 

574,564 

435,519,512 

27.5318 

9.1178 

.001319261 

2,381.33 

451,261.51 

759 

576,081 

437,245,479 

27.5500 

9.1218 

.001317523 

2,384.47 

452,452.96 

760 

577,600 

438,976,000 

27.5681 

9.1258 

.001315789 

2,387.61 

453,646.98 

761 

579,121 

440,711,081 

27.5862 

9.1298 

.001314060 

2,390.75 

454,840.57 

762 

580,644 

442,450,728 

27.6043 

9.1338 

.001312336 

2,393.89 

456,036.73 

763 

582,169 

444,194,947 

27.6225 

9.1378 

.001310616 

2,397.04 

457,234.46 

764 

583,696 

445,943,744 

27.6405 

9.1418 

.001308901 

2,400.18 

458,433.77 

765 

585,225 

447,697,125 

27.6586 

9.1458 

.001307190 

2,403.32 

459,634.64 

766 

586,756 

449,455,096 

27.6767 

9.1498 

.001305483 

2,406.46 

460,837.08 

767 

588,289 

451,2^17,663 

27.6948 

9.1537 

.001303781 

2,409.60 

462,041.10 

768 

589,824 

452,984,832 

27.7128 

9.1577 

.001302083 

2,412.74 

463,246.69 

769 

591,361 

454,756,609 

27.7308 

9.1617 

.001300390 

2,415.88 

464,453.84 

770 

592,900 

456,533,000 

27.7489 

9.1657 

.001298701 

2,419.03 

465,662.67 

771 

594,441 

458,314,011 

27.7669 

9.1696 

.001297017 

2,422.17 

466,872.87 

772 

595,984 

460,099,648 

27.7849 

9.1736 

.001295337 

2,425.31 

468,084.74 

773 

597,629 

461,889,917 

27.8029 

9.1775 

.001293661 

2,428.45 

469,298.18 

774 

599,076 

463,684,824 

27.8209 

9.1815 

.001291990 

2,431.59 

470,613.19 

775 

600,625 

465,484,375 

27.8388 

9.1855 

.001290323 

2,434.73 

471,729.77 

776 

602,176 

467,288,576 

27.8568 

9.1894 

.001288660 

2,437.88 

472,947.92 

777- 

603,729 

469,097,433 

27.8747 

9.1933 

.001287001 

2,441.02 

474,167.66 

778 

605,284 

470,910,952 

27.8927 

9.1973 

.001285347 

2,444.16 

475,388.94 

779 

606,841 

472,729,139 

27.9106 

9.2012 

.001283697 

2,447.30 

476,611.81 

780 

608,400 

474,552,000 

27.9285 

9.2052 

.001282051 

2,450.44 

477,836.24 

781 

609,961 

476,379,541 

27.9464 

9.2091 

.001280410 

2,453.68 

479.062.25 

782 

611,524 

478,211,768 

27.9643 

9.2130 

.001278772 

2,456.73 

480,289.83 

783 

613,089 

480,048,687 

27.9821 

9.2170 

.001277139 

2,459.87 

481.518.97 

784 

614,656 

481,890,304 

28.0000 

9.2209 

.001275510 

2,463.01 

482,749.69 

785 

616,225 

483,736,625 

28.0179 

9.2248 

.001273885 

2,466.15 

483,981.98 

786 

617,796 

485,587,656 

28.0357 

9.2287 

.001272265 

2,469.29 

485,215.84 

787 

619,369 

487,443.403 

28.0535 

9.2326 

.001270648 

2,472.43 

486,451.28 

783 

620,944 

489,303,872 

28.0713 

9.2365 

.001269036 

2,475.58 

487,688.28 

789 

622,521 

491,169.069 

28.0891 

9.2404 

.001267427 

2,478.72 

488,926.85 

790 

624,100 

493,039.000 

28.1069 

9.2443 

.001265823 

2,481.86 

490,166.99 

791 

625,681 

494,913,671 

28.1247 

9.2482 

.001264223 

2,485.00 

491,408.71 

792 

627,624 

496,793,088 

28.1425 

9.2521 

.001262626 

2,488.14 

492,651.99 

793 

628,849 

498,677,257 

28.1603 

9.2560 

.001261034 

2,491.28 

493.896.85 

794 

630,436 

500,566,184 

28.1780 

9.2599 

.001259446 

2,494.42 

495,143.28 

795 

632,025 

502,459,875 

28.1957 

9.2638 

.001257862 

2,497.57 

496,391.27 

796 

633,616  . 

504,368,336 

28.2135 

9.2677 

.001256281 

2,500.71 

497,640.84 

797 

635,209 

506,261,573 

28.2312 

9.2716 

.001254705 

2,503.85 

498,891.98 

798 

636,804 

508,169,592 

28.2489 

9.2754 

.001253133 

2,506.99 

500,144.69 

799 

638,401 

510,082,399 

28.2666 

9.2793 

.001251364 

2,510.13 

501,398.97 

800 

640,000 

512,000,000 

28.2843 

9.2832 

.001250000 

2,513.27 

502,654.82 

801 

641,601 

513,922,401 

28.3019 

9.2870 

.001248439 

2,516.42 

503,912.25 

802 

643,204 

515,849,608 

28.3196 

9.2909 

.001246883 

2,519.56 

506,171.24 

803 

644,809 

517,781,627 

28.3373 

9.2948 

.001245330 

2,522.70 

506,431.80 

804 

646,416 

619,718,464 

28.3549 

9.2986 

.001243781 

2,525.84 

507,693.94 

805 

648,025 

521,660,125 

28.3725 

9.3025 

.001242236 

2.528.98 

508,957.64 

806 

649,636 

523,606,616 

28.3901 

9.3063 

.001240695 

2,532.12 

610,222.92 

807 

651,249 

525,557,943 

28.4077 

9.3102 

.001239157 

2,535.27 

511,489.77 

808 

652,864 

527,514,112 

28.4253 

9.3140 

.001237624 

2,538.41 

512,758.19 

809 

654,481 

529,475,129 

28.4429 

9.3179 

.001236094 

2,541.55 

514,028.18 

810 

656,100 

531,441,000 

28.4605 

9.3217 

.001234568 

2,544.69 

515,299.74 

811 

657,721 

533,411,731 

28.4781 

9.3255 

.001233046 

2,547.83 

516,572.87 
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No. 

Cabe. 

Sq.  Boot. 

Ca.Eoot. 

BeciproMl. 

Circnm. 

Area. 

812 

659,344 

535,387,328 

28.4956 

9.3-294 

1 
.001231527 

2,550.97 

517,847.57 

813 

660,969 

537,367,797 

28.5132 

9.3332 

.001230012 

2,554.11 

519,123.84 

814 

662,596 

539,353,144 

28.5307 

9.3370 

.001228501 

2,557.26 

520,401.68 

815 

664,225 

541,343,375 

28.5482 

9.3408 

.001226994 

2,560.40 

521,681.10 

816 

665,856 

543.338,496 

28.5657 

9.3447 

.001225490 

2,563.54 

522,962.08 

817 

667,489 

545,338,513 

28.5832 

9.3485 

.001223990 

2,566.68 

524,244.63 

818 

669,124 

547,343,432 

28.6007 

9.3523 

.001222494 

2,569.82 

525,528.76 

819 

670,761 

549,353,259 

28.6182 

9.3561 

.001221001 

2,572.96 

526,814.46 

820 

672,400 

551,368,000 

28.6356 

9.3599 

.001219512 

2,576.11 

528,101.73 

821 

674,041 

553,387,661 

28.6531 

9.8637 

.001218027 

2,579.25 

529,390.56 

822 

675,584 

555,412,248 

28.6705 

9.3675 

.001216545 

2,582.:W 

530,680.97 

823 

677,329 

557,441,767 

28.6880 

9.3713 

.001215067 

2,585.53 

531,972.95 

824 

678,976 

559,476,224 

28.7054 

9.3751 

.001213592 

2,588.67 

533,266.50 

825 

680,625 

561,515,625 

28.7228 

9.3789 

.001212121 

2,591.81 

534,561.62 

826 

682,276 

563,559,976 

28.7402 

9.3827 

.001210654 

2,594.96 

535,858.32 

827 

683,929 

565,609,283 

28.7576 

9.3865 

.001209190 

2,598.10 

537,156.58 

828 

685,584 

567,663,552 

28.7750 

93902 

.001207729 

2,601.24 

638,456.41 

829 

687,241 

569,722,789 

28.7924 

9.3940 

.001206273 

2,604.38 

539,757.82 

830 

688,900 

571,787,000 

28.8097 

9.3978 

.001204819 

2,607.52 

541,060.79 

831 

690,561 

573,856,191 

28.8271 

9.4016 

.001203369 

2,610.66 

542,365.34 

832 

692,224 

575,930,368 

28.8444 

9.4053 

.001201923 

2,613.81 

543,671.46 

833 

693,889 

578,009,537 

28.8617 

9.4091 

.001200480 

2,616.95 

544,979.15 

834 

695,556 

580,093,704 

28.8791 

9.4129 

.001199041 

2,620.09 

546,288.40 

835 

697,225 

582,182,875 

28.8964 

9.4166 

.001197605 

2,623.23 

547,599.23 

836 

698,896 

584,277,056 

28.9137 

9.4204 

.001196172 

2,626.37 

548,911.63 

837 

700,569 

586,376,253 

28.9310 

9.4241 

.001194743 

2,629.51 

550,225.61 

838 

702,244 

588,480,472 

28.9482 

9.4279 

.001193317 

2,632.65 

551,541.15 

839 

703,921 

590,589,719 

28.9655 

9.4316 

.001191895 

2,635.80 

552,858.26 

840 

705,600 

592,704,000 

28.9828 

9.4354 

.001190476 

2,638.94 

554,176.94 

841 

707,281 

594,823,321 

29.0000 

9.4391 

.001189061 

2,642.08 

555,497.20 

842 

708,964 

596,947,688 

29.0172 

9.4429 

.001187648 

2,645.22 

556,819.02 

843 

710,649 

599,077,107 

29.0345 

9.4466 

.001186240 

2,648.36 

558,142.42 

844 

712,336 

601,211,584 

29.0517 

9.4503 

.001184834 

2,651.50 

559,467.39 

845 

714,025 

603,351,125 

29.0689 

9.4541 

.001183432 

2,654.65 

560,798.92 

846 

715,716 

605,495,736 

29.0861 

9.4578 

.001182033 

2,657.79 

562,122.03 

847 

717,409 

607,645,423 

29.1033 

9.4615 

.001180638 

2,660.93 

563,451.71 

8J8 

719,104 

609,800,192 

29.1204 

9.4652 

.001179245 

2,664.07 

564,782.96 

849 

720,801 

611,960,049 

29.1376 

9.4690 

.001177856 

2,667.21 

566,115.78 

850 

722,500 

614,125,000 

29.1548 

9.4727 

.001176471 

2,670.35 

567,450.17 

851 

724,201 

616,295,051 

29.1719 

9.4764 

.001175088 

2,673.50 

568,786.14 

852 

725,904 

618,470,208 

29.1890 

9.4801 

.001173709 

2,676.64 

570,123.67 

853 

727,609 

620,650,477 

29.2062 

9.4838 

.001172333 

2,679.78 

571,462.77 

854 

729,316 

622,835,864 

29.2233 

9.4875 

.001170960 

2,682.92 

572,803.45 

855 

781,025 

625,026,375 

29.2404 

9.4912 

.001169591 

2,686.06 

574,145.69 

856 

732,736 

627,222,016 

29.2575 

9.4949 

.001168224 

2,689.20 

575,489.51 

857 

734,449 

629,422,793 

29.2746 

9.4986 

.001166861 

2,692.34 

576,834.90 

858 

736,164 

631,628,712 

29.2916 

9.5023 

.001165501 

2,695.49 

578,181.85 

859 

737,881 

633,839,779 

29.3087 

9.5060 

.001164144 

2,698.63 

579.530.38 

860 

739,600 

636,056,000 

29.3258 

9.5097 

.001162791 

2,701.77 

580,880.48 

861 

741,321 

638,277,381 

29.3428 

9.5135 

.001161440 

2,704.91 

582,232.15 

862 

743,044 

640,503,928 

29.3598 

9.5171 

.001160093 

2,708.05 

583,585.39 

863 

744,769 

642,735,647 

29.3769 

9.5207 

.001158749 

2,711.19 

584,940.20 

864 

746,4% 

644,972.544 

29.3939 

9.5244 

.001157407 

2,714.34 

586,296.59 

865 

748,225 

647,214,625 

29.4109 

9.5281 

.001156069 

2,717.48  , 

>87,654.54 

866 

749,a% 

649,461,896 

29.4279 

9.5317 

.001154734 

2,720.62 

389,014.07 

867 

751,689 

651,714,363 

29.4449 

9.5354 

.001153403 

2,723.76  1 

>90,375.16 

868 

753,424 

653,972.032 

29.4618 

9.5391 

.001152074 

2,726.90  , 

391,737.83 

869 

755,161 

656,234,909 

29.4788 

9.5427 

.001150748 

2,730.04  , 

393,102.06 

870 

756,900 

658,503,000 

29.4958 

9.5464 

.001149425 

2,733.19  { 

394,467.87 

871 

758,641 

660,776,311 

29.5127 

9.5501 

.001148106 

2,736.33  { 

>95,835.25 

872 

760,384 

663,a54.M8 

29.5296 

9.5537 

.001146789 

2,739.47  1 

397,204.20 

873 

762,129 

665,338,617 

29.5466     9.5574  | 

.001145475 

2,742.61  { 

398,574.72 

q74 

763,876 

667,627,624 

29.5635 

9.5610 

.001144165 

2.745.75  { 

399,946.81 
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:n^«>. 

Square. 

Cube. 

Sq.  Boot. 

Ca.  Boot. 

Beeiprocal. 

Cirenm. 

Area. 

8*75 

765,625 

669,921,875 

29.5804 

9.5647 

.001142857 

2,748.89 

601,320.4' 

8-76 

767,376 

672,221,376 

29.5973 

9.5683 

.001141553 

2,752.04 

602,695.71 

8-77 

769,129 

674,526,138 

29.6142 

9.5719 

.001140251 

2,756.18 

604,072.5( 

»78 

770,884 

676,836,152 

29.6311 

9.5756 

.001138952 

2,758.32 

605,450.8J 

8T9 

772,641 

679,151,439 

29.6479 

9.6792 

.001137656 

2,761.46 

606,830.8! 

SfiO 

774.400 

681,472,000 

29.6648 

9.5828 

.001136364 

2,764.60 

608,212.3^ 

881 

776,161 

683,797,841 

29.6816 

9.5865 

.001135074 

2,767.74 

609,595.4: 

882 

777,924 

686,128,968 

29.6985 

9.5901 

.001133787 

2,770.88 

610,980.0J 

883 

779,689 

688,465,387 

29.7153 

9.5937 

.001132503 

2,774.03 

612,366.3: 

884 

781,456 

690,807,104 

29.7321 

9.5973 

.001131222 

2,777.17 

613,754.1: 

885 

783,225 

693,154,125 

29.7489 

9.6010 

.001129944 

2,780.31 

615,143.4i 

886 

784,996 

695,506,456 

29.7668 

9.6046 

.001128668 

2,783.45 

616,534.4! 

887 

786,769 

697,864,103 

29.7825 

9.6082 

.001127396 

2,786.59 

617,926.9J 

888 

788,544 

700,227,072 

29.7993 

9.6118 

.001126126 

2,789.73 

619,321.0: 

889 

790,321 

702,595,369 

29.8161 

9.6154 

.001124859 

2,792.88 

620,716.6< 

890 

792,100 

704,969,000 

29.8329 

9.6190 

.001123596 

2,796.02 

622,113.8! 

891 

793,881 

707,347,971 

29.8496 

9.6226 

.001122334 

2,799.16 

623,512.65 

892 

795,664 

707,932,288 

29.8664 

9.6262 

.001121076 

2,802.30 

624,913.0- 

893 

797,449 

712,121,957 

29.8831 

9.6298 

.001119821 

2,805.44 

626,314.91 

894 

799,236 

714,516,984 

29.8998 

9.6334 

.001118568 

2,808.58 

627,718.4! 

895 

801,025 

716,917,375 

29.9166 

9.6370 

.001117818 

2,811.73 

629,123.5< 

896 

802,816 

719,323,136 

29.9333 

9.6406 

.001116071 

2,814.87 

630,530.2 

897 

804,609 

721,734,273 

29.9500 

9.6442 

.001114827 

2,818.01 

631,938.4! 

898 

806,404 

724,150,792 

29.9666 

9.6477 

.001113586 

2,821.15 

633,348.2! 

899 

808,201 

726,572,699 

29.9833 

9.6513 

.001112347 

2,824.29 

634,759.5J 

900 

810,000 

729,000,000 

30.0000 

9.6549 

.001111111 

2,827.43 

636,172.5: 

901 

811,801 

731,432,701 

30.0167 

9.6585 

.001109878 

2,830.58 

637,587.0: 

902 

813,604 

733,870,808 

30.0333 

9.6620 

.001108647 

2,833.72 

639,003.0! 

903 

815,409 

736,314,327 

30.0500 

9.6656 

.001107420 

2,836.86 

640,420.7! 

904 

817,216 

738,763,264 

30.0666 

9.6692 

.001106195 

2,840.00 

641,839.9i 

905 

819,026 

741,217,625 

30.0832 

9.6727 

.001104972 

2,843.14 

643,260.7! 

906 

820,836 

743,677,416 

30.0998 

9.6763 

.001103753 

2,846.28 

644,683.0! 

907 

822,649 

746,142,643 

30.1164 

9.6799 

.001102536 

2,849.42 

646,107.0: 

908 

824,464 

748,613,312 

30.1330 

9.6834 

.001101322 

2,852.57 

647,532.5 

909 

826,281 

751,089,429 

30.1496 

9.6870 

.001100110 

2,855.71 

648,959.a 

910 

828,100 

753,571,000 

30.1662 

9.6905 

.001098901 

2,858.85 

650,388.2 

911 

829,921 

756,058,031 

30.1828 

9.6941 

.001091695 

2,861.99 

651,818.4! 

912 

831,744 

758,550,825 

30.1993 

9.6976 

.001096491 

2,865.13 

653,250.2 

913 

833,569 

761,048,497 

30.2159 

9.7012 

.001095290 

2,868.27 

654,683.51 

914 

835,396 

763,551,944 

30.'2324 

9.7047 

.001094092 

2,871.42 

656,118.4! 

915 

837,225 

766,060.875 

30.2490 

9.7082 

.001092896 

2,874.56 

657,554.91 

916 

839,056 

768.575,206 

30.2655 

9.7118 

.001091703 

2,877.70 

658,993.0 

917 

840,889 

771,095,213 

30.2820 

9.7153 

.001090513 

2,880.84 

660,432.« 

918 

842,724 

773,620,632 

30.2985 

9.7188 

.001089325 

2,883.98 

661,873.8J 

919 

844,561 

776,151,559 

30.3150 

9.7224 

.001088139 

2.887.12 

663.316.6< 

920 

846,400 

778,688,000 

30.3315 

9.7259 

.001086957 

2,890.27 

664,761.0 

921 

848,241 

781,229,961 

30.3480 

9.7294 

.001085776 

2,893.41 

666,206.9! 

922 

850,084 

783,777,448 

30.3645 

9.7329 

.001084599 

2,896.55 

667,654.4: 

923 

851,929 

786,330,467 

30.3809 

9.7364 

.001083423 

2,899.69 

669,103.4' 

924 

853,776 

788,889,024 

30.3974 

9.7400 

.001082251 

2,902.83 

670,554.11 

925 

855,625 

791,453,125 

30.4138 

9.7435 

.001081081 

2,905.97 

672,006.31 

926 

857,476 

794,022,776 

30.4302 

9.7470 

.001079914 

2,909.11 

673,460.01 

927 

859,329 

796,597,983 

30.4467 

9.7505 

.001078749 

2,912.26 

674,915.4! 

928 

861,184 

799,178,752 

30.4631 

9.7540 

.001077586 

2,915.40 

676,372.3! 

929 

863,041 

801,765,089 

30.4795 

9.7575 

.001076426 

2,918.54 

677,830.8! 

930 

864,900 

804,357,000 

30.4959 

9.7610 

.001075269 

2,921.68 

679,290.8' 

931 

866,761 

806,954,491 

30.5123 

9.7645 

.001074114 

2,924.82 

680,752.5< 

932 

868,624 

809,557,568 

30.5287 

9.7680 

.001072961 

2,927.96 

682,215.6! 

933 

870,489 

812,166,237 

30.5450 

9.7715 

.001071811 

2,931.11 

683,680.4< 

934 

872,356 

814,780,504 

30.5614 

9.7750 

.001070664 

2,934.25 

685,146.8( 

935 

874,225 

817,400,375 

■  30.5778 

9.7785 

.001069619 

2,937.39 

686.614.7: 

936 

876,096 

820,025,856 

30.5941 

9.7829 

.001068376 

2,940.53 

688,084.1! 

937 

877,969 

822,656,953 

30.6105 

9.7a54 

.001067236 

2,943.67 

689,555.2^ 

SQUARES,  CUBES,  SQUARE  AND  CUBE  ROOTS, 


'. 

Square. 

Cube. 

Sq.  Boot. 

Co.  Boot. 

Beeiproeal. 

Ciroum. 

*~ 

s 

879,844 

825,293,672 

30.6268 

9.7889 

.001066098 

2,946.81 

e91,027.8& 

9 

881,721 

827,936,019 

30.6431 

9.7924 

.001064963 

2,949.96 

092,602.05 

0 

883,600 

830,584,000 

30.6594 

9.7959 

.001063830 

2,953.10 

693,977.83 

' 

1 

885,481 

833,237.621 

30.6757 

9.7993 

.001062699 

2,956.24 

695,455.15 

2 

887,364 

835,896,888 

30.6920 

9.8028 

.001061571 

2,959.38 

696,934U>6 

3 

889,249 

838,561,807 

30.7083 

9.8063 

.001060445 

2,962.52 

698,414.53 

4 

891,136 

841,232,384 

30.7246 

9.8097 

.001059322 

2,965.66 

699,896.56 

5 

893,026 

843,908,625 

30.7409 

9.8132 

.001058201 

2,968.81 

701,380.19 

6 

894,916 

846,590,536 

30.7571 

9.8167 

.001057082 

2,971.96 

702,865.38 

7 

896,808 

849,278,123 

30.7734 

9.8201 

.001055966 

2,975.09 

704,352.14 

: 

8 

898,704 

851,971,392 

30.7896 

9.8236 

.001054852 

2,978.23 

705,840.47 

f 

9 

900,601 

854,670,349 

30.8058 

9.8270 

.001053741 

2,981.37 

707,330-37 

0 

902.500 

857,375,000 

30.8221 

9.8305 

.001052632 

2,984.51 

708,821.84 

1 

904,401 

860,085,351 

30.8383 

9.8339 

.001051525 

2,987.65 

710,314.88 

1 

2 

906,304 

862,801,408 

30.8545 

9.8374 

.001050420 

2,990.80 

711,809.50 

8 

908,209 

865,523,177 

30.8707 

9.8408 

.001049318 

2,993.94 

713,305.68 

i 

910,116 

868,250,664 

30.8869 

9.8443 

.001048218 

2,997.08 

714,803.43 

> 

912,025 

870,983,875 

30.9031 

9.8477 

.001047120 

3,000.22 

716,302.76 

5 

913,936 

873,722,816 

30.9192 

9.8511 

.0010460-25 

3,003.36 

717,803.66 

' 

915,849 

876,467,493 

30.9354 

9.8546 

.001044932 

3,006.50 

719,306.12 

917,764 

879,217,912 

30.9516 

9.8580 

.001043841 

3,009.65 

720,810.16 

919,681 

881,974,079 

80.9677 

9.8614 

.001042753 

3,012.79 

722,315177 

921,600 

884,736,000 

30.9839 

9.8648 

.001041667 

3,015.93 

723,822.95 

923.521 

887,503,681 

31.0000 

9.8683 

.001040583 

3,019.07 

725,331.70 

925,444 

890,277,128 

31.0161 

9.8717 

.001039501 

3,022.21 

726,842.02 

927,369 

893,056,347 

31.0322 

9.8751 

.001038422 

3,025.35 

728,353.92 

929,296 

895,841,344 

31.0483 

9.8785 

.001037344 

3,028.50 

729,867.37 

931,225 

898,632,125 

31.0644 

9.8819 

.001036269 

3,031.64 

731,382.40 

933,156 

901,428,696 

31.0805 

9.8854 

.001035197 

3,034.78 

732,899.01 

935.089 

904,231,063 

31.0966 

9.8888 

.001034126 

3,037.92 

734,417.18 

937,024 

907,039,232 

31.1127 

9.8922 

.001033058 

3,041.06 

735,936.93 

938,961 

909,853,209 

31.1288 

9.8956 

.001031992 

3,044.20 

737,458.24 

940,900 

912,673,000 

31.1448 

9.8990 

.001030928 

3,047.34 

738,981.13 

942,841 

915,498,611 

31.1609 

9.9024 

.001029866 

3,050.49 

740,505.59 

944,784 

918,330,048 

31.1769 

9.9058 

.001028807 

3,053.63 

742,031.62 

946,729 

921,167,317 

31.1929 

9.9092 

.001027749 

3,056.77 

743,559.22 

948,676 

924,010,424 

31.2090 

9.9126 

.001026694 

3,059.91 

746,088.39 

950,625 

926,859,375 

31.2250 

9.9160 

.001025641 

3,063.05 

746,619.13 

952,576 

929,714,176 

31.2410 

9.9194 

.001024590 

3,066.19 

748,151.44 

954,529 

932,574,833 

31.2570 

9.9228 

.001023541 

3,069.34 

749,685.32 

956,484 

935,441,352 

31.2730 

9.9261 

.001022495 

3,072.48 

761.220.78 

958,441 

938,313,739 

31.2890 

9.9295 

.001021450 

3,075.62 

762,757.80 

960,400 

941,192,000 

31.3050 

9.9329 

.001020408 

3.078.76 

754,296.40 

962,361 

944,076,141 

31.3209 

9.9363 

.001019168 

3,081.90 

765.836.56 

964,324 

946,966,168 

31.3369 

9.9396 

.001018330 

3,085.04 

757,378.30 

966,289 

949,862,087 

31.3528 

9.9430 

.001017294 

3,088.19 

758,921.61 

968,256 

952,763,904 

31.3688 

9.9464 

.001016260 

3,091.33 

760,466.48 

970,225 

955,671,625 

31.3847 

9.9497 

.001015228 

3,094.47 

762,012.93 

972,196 

958,585,256 

31.4006 

9.9531 

.001014199 

3,097.61 

763,560.95 

974,169 

961,504,803 

31.4166 

9.9565 

.001013171 

3,100.75 

766,110.54 

976,144 

964,430,272 

31.4325 

9.9598 

.001012146 

3,103.89 

766,661.70 

978,121 

967,361,669 

31.4484 

9.9632 

.001011122 

3.107.04 

768,214.44 

980,100 

970,299,000 

31.4643 

9.9666 

.001010101 

3,110.18 

769,768.74 

?82,081 

973,242,271 

31.4802 

9.9699 

.001009082 

3,113.32 

771,824.61 

)84,064 

976,191,488 

31.4960 

9.9733 

.001008065 

3,116.46 

772,882.06 

»86,049 

979,146,657 

31.5119 

9.9766 

.001007049 

3,119.60 

774,441.07 

)88,036 

982,107,784 

31.5278 

9.9800 

.001006036 

3,122.74 

776,001.66 

^,025 

985,074,875 

31.5436 

9.9833 

.001005025 

3,125.88 

777,563.82 

92,016 

988,047,936 

31.5595 

9.9866 

.001004016 

3,129.03 

779,127.54 

94,009 

991,026,973 

31.5753 

9.9900 

.001003009 

3,132.17 

780,692.84 

36,004 

994,011,992 

31.5911 

9.9933 

.001002004 

3,135.31 

782.259.71 

)8,001 

997.002,999 

31.6070 

9.9967 

.001001001 

3,138.45  783,828.16  | 

)0,000 

1,000,000,000 

31.6228 

10.0000 

.001000000 

3,141.59 

785,396.16 
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CIRCUMFERENCES  AND  AREAS  OF   CIRCLES 
FROM  1-64  TO  100. 


IHam. 

Circum. 

Area. 

Diam. 

Circum.  Area. 

Dlam. 

Circum. 

Area. 

- 

.0491 

.0002 

6 

18.8496  ;  28.2744 

13^ 
13- 

41.2335 

135.297 

^ 

.0982 

.0008 

11 

19.2423   29.4648 

41.6262 

137.887 

.1963 

.0031 

19.6C50 

30.6797 

13i 

42.0189 

140.501 

^ 

.3927 

.0123 

6} 

20.0277 

31.9191 

13i 

42.4116 

143.139 

JL 

.5890 

.0276 

6i 

20.4204 

33.1831 

13i 

42.8043 

145.802 

X 

.7854 

.0491 

6ft 

20.8131 

34.4717 

131 

43.1970 

148.490 

TV 

.9817 

.0767 

61 

21.2058 

35.7848 

13t 

43.5897 

151.202 

s 

1.1781 

.1104 

6i 

21.5985 

37.1224 

14 

43.9824 

153.938 

JL 

1.3744 

.1503 

7 

21.9912 

38.4846 

14^ 
14i 

44.3751 

156.700 

X 

1.5708 

.1963 

l\ 

22.3839 

39.8713 

44.7678 

159.485 

J^ 

1.7671 

.2485 

22.7766 

41.2826 

14i 

45.1605 

162.296 

f 

1.9635 

.3068 

?J 

23.1693 

42.7184 

14* 

45.5532 

165.130 

^^ 

2.1598 

.3712 

23.5620 

44.1787 

14i 

45.9469 

167.990 

^ 

2.3562 

.4418 

7* 

23.9547 

45.6636 

141 

46.3386 

170.874 

xa 

2.55-25 

.5185 

71 

24.3474 

47.1731 

14t 

46.7313 

173.782 

J 

2.7489 

.6013 

7J 

24.7401 

48.7071 

15 

47.1240 

176.715 

Aft 

2.9452 

.6903 

8 

25.1328 

50.2656 

15i 
15i 

47.5167 

179.673 

3.1416 

.7854 

It 

25.5255 

51.8487 

47.9094 

182.655 

1^ 

3.5343 

.9940 

25.9182 

53.4563 

16i 

48.3021 

185.661 

3.9270 

1.2272 

1} 

26.3109 

55.0884 

15i 

48.6948 

188.692 

If 

4.3197 

1.4849 

26.7036 

56.7451 

15i 

49.0875 

191.748 

4.7124 

1.7671 

81 

27.0963 

58.4264 

15* 

49.4802 

194.828 

If 

6.1051 

2.0739 

81 

27.4890 

60.1322 

15t 

49.8729 

197.933 

1  I 

6.4978 

2.4058 

8i 

27.8817 

61.86'2,^) 

16 

50.2656 

201.062 

1  • 

6.8905 

2.7612 

9 

28.2744 

63.6174 

16i 
16- 

50.6583 

204.216 

2 

.6.2832 

3.1416 

9i 
9} 

28.6671 

65.3968 

51.0510 

207.395 

2t 
2 

6.6759 

3.5466 

29.0598 

67.2008 

16i 

51.4437 

210.598 

7.0686 

3.9761 

9* 

9* 

29.4525 

69.0293 

16i 

51.8364 

213.825 

21 
2i 

7.4613 

4.4301 

29.8452 

70.8823 

16i 

52.2291 

217.077 

7.8540 

4.9087 

9i 

30.2379 

72.7599 

16* 

52.6218 

220.354 

21 

8.2467 

5.4119 

91 

30.6306 

74.6621 

16i 

53.0145 

223.655 

2f 

8.6394 

5.9396 

9t 

31.0233 

76.589 

17 

53.4072 

226.981 

21 

9.0321 

6.4918 

10 

31.4160 

78.540 

17f 
17i 

53.7999 

230.331 

3 

9.4248 

7.0686 

10} 
lOj 

31.8087 

80.516 

54.1926 

233.706 

1 

9.8175 

7.6699 

32.2014 

82.516 

17i 
17i 

54.5853 

237.105 

10.2102 

8.2958 

10* 
lOl 

32.5941 

84.541 

54.9780 

240.529 

10.6029 

8.9462 

32.9868 

86.590 

17i 

55.3707 

243.977 

10.9956 

9.6211 

lot 

33.3795 

88.664 

17* 

55.7634 

247.450 

3f 

11.3883 

10.3206 

101 

33.7722 

90.763 

17J 

56.1561 

250.948 

31 

11.7810 

11.0447 

IOt 

34.1649 

92.886 

18 

56.5488 

254.470 

3t 

12.1737 

11.7933 

11 

34.5576 

95.033 

18- 

18- 

56.9415 

258.016 

4 

12.5664 

12.5664 

lU 

34.9503 

97.205 

57.3342 

261.587 

4A 

4 

12.9591 

13.3641 

35.3430 

99.402 

18i 

57.7269 

265.183 

13.3518 

14.1863 

Hi 

35.7357 

101.623 

18i 

58.1196 

268.803 

4{ 

13.7445 

15.0330 

lU 

36.1284 

103.869 

18i 

58.5123 

272.448 

14.1372 

15.9043 

Hi 

36.5211 

106.139 

18* 

58.9050 

276.117 

4| 

14.5299 

16.8002 

111 

36.9138 

108.434 

18t 

59.2977 

279.811 

41 

14.9226 

17.7206 

iii 

37.3065 

110.754 

19 

59.6904 

283.529 

4r 

15.3153 

18.6555 

12 

37.6992 

113.098 

19i 
19i 

60.0831 

287.272 

5 

15.7080 

19.6350 

lit 

38.0919 

115.466 

60.4758 

291.040 

H 
& 

16.1007 

20.6290 

38.4846 

117.859 

19i 

60.8685 

294.832 

16.4931 

21.6476 

Ht 

38.8T73 

120.277 

19* 

61.2612 

298.648 

5 
5 

16.8861 

22.6907 

39.2700 

122.719 

19i 

61.6539 

302.489 

17.2788 

23.7583 

12i 

39.6627 

125.185 

19* 

62.0466 

306.365 

5 

17.6715 

24.8505 

121 

40.0554 

127.677 

191 

62.4393 

310.245 

5 

18.0642 

25.9673 

12i 

40.4481 

130.192 

20 

62.8320 

314.160 

5r 

18.4569 

27.1086 

13 

40.8408 

132.733 

20i 

63.2247 

318.099 

562 


CIRCUMFERENCES  AND  AREAS  OF  CIRCLES. 


DiaxxL 

Circum. 

Area. 

Diam. 

Circum. 

Area. 

Diam. 

; 
Circum. '  Area. 

20J 

63.6174 

322.063 

28| 

28 

88.3675 

621.264 

86 

113.098 

1,017.878 

^ 

64.0101 

326.051 

88.7502 

626.798 

36} 
36 

113.490 

1,024.960 

64.4028 

830.064 

28 
28 

89.1429 

632.357 

113.883 

1,082.065 

20| 

64.7955 

334.102 

89.5356 

637.941 

36 
86 

114.276 

1,039.195 

20f 

65.1882 

338.164 

28 

89.9283 

643.549 

114.668 

1,046.349 

20} 

65.5809 

842.250 

28} 

90.3210 

649.182 

36 

115.061 

1,053.528 

21 

65.9736 

346.361 

28} 

90.7137 

654.840 

36 

115.454 

1,060.732 

21| 
21A 

66.3663 

350.497 

29 

91.1064 

660.521 

36} 

115.846 

1,067.960 

66.7590 

354.667 

29| 

91.4991 

666.228 

37 

116.239 

1,075.213 

21» 
2ll 

67.1517 

358.842 

91.8918 

671.959 

37} 
87 

116.632 

1,062.490 

67.5444 

363.051 

29} 
29i 

92.2845 

677.714 

117.025 

1,089.792 

21i 
211 

67.9371 

367.286 

92.6772 

683.494 

37 
37 

117.417 

1,097.118 

68.3298 

371.543 

29} 

93.0699 

689.299 

117.810 

1,104.469 

21f 

68.7225 

875.826 

29} 

93.4626 

695.128 

87 

118.203 

1,111.844 

22 

69.1152 

380.134 

29} 

93.8553 

700.982 

87 

118.595 

1,119.244 

221 
22^ 

69.5079 

384.466 

30 

94.2480 

706.860 

37 

118.988 

1,126.669 

69.9006 

388.822 

30} 

m 

94.6407 

712.763 

38 

119.381 

1,134.118 

22* 
22* 

70.2933 

393.203 

95.0334 

718.690 

38} 
88 

119.773 

1,141.591 

70.6860 

397.609 

30t 
30} 

95.4261 

724.642 

120.166 

1,149.089 

22i. 

71.0787 

402.038 

95.8188 

730.618 

38 
38 

120.559 

1,156.612 

22} 

71.4714 

406.494 

30} 

96.2115 

736.619 

120.952 

1,164.159 

22r 

71.8641 

410.973 

30} 

96.6042 

742.645 

38 

121.344 

1,171.731 

23 

72.2568 

415.477 

30, 

96.9969 

748.695 

38 

121.737 

1,179.327 

231 

23; 

72.6495 

420.004 

31 

97.3896 

754.769 

38} 

122.130 

1,186.918 

73.0422 

424.658 

31} 
31} 

97.7823 

760.869 

39 

122.522 

1,194.593 

23t 
23i 

73.4349 

429.135 

98.1750 

766.992 

39} 
39} 

122.915 

1,202.263 

73.8276 

483.737 

31} 

98.5677 

773.140 

123.308 

1,209.958 

23i 
231 

74.2203 

438.364 

31} 

98.9604 

779.313 

39} 
39} 

123.700 

1,217.677 

74.6130 

443.015 

31} 
31} 

99.3531 

785.510 

124.093 

1,225.420 

23t 

75.0057 

447.690 

99.7458 

791.732 

89} 

124.486 

1,233.188 

24 

75.3984 

452.390 

31} 

100.1385 

797.979 

39} 

124.879 

1,240.981 

241 
24i 

75.7911 

467.115 

32 

100.5312 

804.250 

39, 

125.271 

1,248.798 

76.1838 

461.864 

321 
32} 

100.9239 

810.546 

40 

126.664 

1,256.640 

241 
24i 

76.5765 

466.638 

101.3166 

"  816.865 

401 
40l 

126.067 

1,264.510 

76.9692 

471.486 

32} 

101.VU93 

823.210 

126.449 

1,272.400 

241 

77.3619 

476.259 

32} 

102.1020 

829.579 

40} 
40} 

126.842 

1,280.310 

241 

77.7546 

481.107 

32} 

102.4947 

835.972 

127.235 

1,288.250 

24t 

78.1473 

485.979 

32} 

102.8874 

842.391 

40} 

127.627 

1,296.220 

26 

78.5400 

490.875 

32} 

103.280 

848.833 

40} 

128.020 

1,304.210 

251 

78.9327 

495.796 

33 

103.673 

855.301 

40, 

128.413 

1,312.220 

251 

79.3254 

500.742 

|t 

104.065 

861.792 

41 

128.806 

1,320.260 

251 

79.7181 

505.712 

104.458 

868.309 

41} 
411 

129.198 

1,328.320 

25i 

80.1108 

510.706 

il 

104.851 

874.850 

129.591 

1,336.410 

251 

80.5035 

515.726 

105.244 

881.415 

41} 

41} 

129.984 

1,344.520 

25* 

80.8962 

520.769 

33} 

105.636 

888.005 

130.376 

1,352.660 

25* 

81.2889 

525.838 

33} 

106.029 

894.620 

41} 

130.769 

1,360.820 

26 

81.6816 

530.930 

33} 

106.422 

901.259 

41} 

131.162 

1,369.000 

261 
261 

82.0743 

536.048 

34 

106.814 

907.922 

41} 

131.654 

1,377.210 

82.4670 

541.190 

34} 
34J 

107.207 

914.611 

42 

131.947 

1,385.450 

261 

82.8597 

546.356 

107.600 

921.323 

n 

132.840 

1,393.700 

26i 

83.2524 

551.547 

34} 

107.992 

928.061 

132.733 

1,401.990 

261 

83.6451 

556.763 

34} 

108.385 

934.822 

n 

133.125 

1,410.300 

261 

84.0378 

562.003 

34} 

108.778 

941.609 

133.518 

1,418.630 

26t 

84.4305 

567.267 

34} 

109.171 

948.420 

42} 

138.911 

1,426.990 

27 

84.8232 

572.557 

34t 

109.563 

956.255 

S} 

134.803 

1,435.370 

271 
271 

85.2159 

577.870 

35 

109.956 

962.115 

42} 

134.696 

1,443.770 

85.6086 

583.209 

35} 

110.349 

969.000 

43 

135.089 

1,452.200 

27i 

86.0013 

588.571 

351 

110.741 

975.909 

43} 
481 

135.481 

1,460.660 

27i 

86.3940 

593.959 

35} 

111.134 

982.842 

135.874 

1,469.140 

27i 

86.7867 

599.371 

35} 

111.527 

989.800 

43 
43} 

136.267 

1,477.640 

271 

87.1794 

604.807 

35} 

111.919 

996.783 

136.660 

1.486.170 

27t 

87.5721 

610.268 

35} 

112.312 

1,003.790 

43} 
43} 

137.052 

1,494.730 

28 

87.9648 

615.754 

36} 

112.705 

1,010.822 

137.445 

1,503.300 

CIRCUMFERENCES  AND  AREAS  OF  CIRCLES., 
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r>iain. 

dream. 

Area. 

Diaxn. 

Circum. 

Area. 

Diam. 

Circum. 

Area. 

43J 

137.838 

1,511.910 

61} 

162.578 

2,103.35 

59} 

187.818 

2,792.21 

44 

138.230 

1,520.530 

51} 

162.970 

2,113.52 

59} 

187.711 

2,803.93 

tti 

138.623 

1,529.190 

■   52 

163.363 

2,123.72 

59} 

188.103 

2,815.67 

139.016 

1,537.860 

1! 

168.756 

2,133.94 

60 

188.496 

2,827.44 

44| 

139.408 

1,546.66 

164.149 

2,144.19 

601 

eoi 

188.889 

2,839.23 

44| 

139.801 

1,555.29 

164.541 

2,154.46 

189.281 

2,851.05 

441 

140.194 

1,564.04 

52} 

164.934 

2,164.76 

60} 

189.674 

2,862.89 

44| 

140.587 

1,572.81 

52* 

165.327 

2,175.08 

60} 

190.067 

2,874.76 

4H 

140.979 

1,581.61 

52} 

165.719 

2,185.42 

60} 

190.459 

2,886.65 

45 

141.372 

1,590.43 

521 

166.112 

2,195.79 

60} 

190.852 

2,898.57 

46i 
45i 

141.765 

1,599.28 

53 

166.505 

2,206.19 

60, 

191.245 

2,910.51 

142.157 

1,608.16 

53} 
53} 

166.897 

2,216.61 

61 

191.638 

2,922.47 

45} 

142.550 

1,617.05 

167.290 

2,227.05 

6U 
61} 

192.030 

2,934.46 

45^ 

142.943 

1,625.97 

53 
53} 

167.683 

2,237,52 

192.423 

2,946.48 

45i 

143.335 

1,634.92 

168.076 

2,248.01 

61} 

192.816 

2,958.52 

451 

143.728 

1,643.89 

531 

168.468 

2,258.53 

61} 

193.208 

2,970.58 

45» 

144.121 

1,652.89 

53} 

168.861 

2,269.07 

61} 

193.601 

2,982.67 

46 

144.514 

1,661.91 

53t 

169.254 

2,279.64 

61} 

193.994 

2,994.78 

^ 

144.906 

1,670.95 

54 

169.646 

2,290.23 

61} 

194.386 

3,006.92 

145.299 

1,680.02 

541 
54i 

170.039 

2,300.84 

62 

194.779 

3,019.08 

^ 

145.692 

1,689.11 

170.432 

2,311.48 

621 
62} 

195.172 

3,031.26 

146.084 

1,698.23 

54} 

54} 

170.824 

2,322.15 

195.565 

3,043.47 

461 

146.477 

1,707.37 

171.217 

2,332.83 

62} 

195.957 

3,055.71 

46} 

146.870 

1,716.54 

54} 

171.610 

2,343.55 

62} 

196.350 

3,067.97 

46} 

147.262 

1,725.73 

54} 

172.003 

2,354.29 

62} 

196.743 

3,080.25 

47 

147.655 

1,734.95 

54t 

172.395 

2,365.05 

62} 

197.135 

3,092.56 

47- 

47- 

148.048 

1,744.19 

55 

172.788 

2,375.83 

62, 

197.528 

8,104.89 

148.441 

1,753.45 

55} 
55} 

173.181 

2,386.65 

63 

197.921 

3,117.25 

474 

148.833 

1,762.74 

173.573 

2,397.48 

il 

198.313 

3,129.64 

47i 

149.226 

1,772.06 

55} 

173.966 

2,408.34 

198.706 

3,142.04 

47i 

149.619 

1,781.40 

55} 

174.359 

2,419.23 

63} 

199.099 

3.154.47 

47 

150.011 

1,790.76 

55 

174.751 

2,430.14 

63} 

199.492 

8,166.93 

47t 

150.404 

1,800.15 

55} 

175.144 

2,441.07 

63} 

199.884 

3,179.41 

48 

150.797 

1,809.56 

55, 

175.537 

2,452.03 

63} 

200.277 

3,191.91 

481 
48 

151.189 

1,819.00 

56 

175.930 

2,463.01 

63} 

200.670 

3,204.44 

151.582 

1,828.46 

1 

176.322 

2,474.02 

64 

201.062 

3,217.00 

48 

151.975 

1,837.95 

176.715 

2,485.05 

64} 
64^ 

201.455 

3,229.58 

48 

152.368 

1,847.46 

177.108 

2,496.11 

201.848 

3,242.18 

48 

152.760 

1,856.99 

56} 

177.500 

2,507.19 

64} 
64} 

202.240 

3,254.81 

48 

153.153 

1,866.55 

56} 

177.893 

2,518.30 

202.633 

3,267.46 

48, 

153.546 

1,876.14 

56} 

178.286 

2,529.43 

64} 

203.026 

3,280.14 

49 

153.938 

1,885.75 

56} 

178.678 

2,540.58 

64} 

203.419 

3,292.84 

n 

154.331 

1,895.38 

57 

179.071 

2,551.76 

64, 

203.811 

3,305.56 

154.724 

1,905.04 

57} 
57} 

179.464 

2,562.97 

65 

204.204 

3,318.31 

49i 

155.116 

1,914.72 

179.857 

2,574.20 

651 
65} 

204.597 

3,331.09 

49i 

155.509 

1,924.43 

57} 

180.249 

2,585.45 

204.989 

3,343.89 

491 

155.902 

1,934.16 

57} 

180.642 

2,596.73 

65} 

205.382 

3,356.71 

491 

156.295 

1,943.91 

57} 

181.035 

2,608.03 

65} 

205.775 

3,369.56 

49} 

156.687 

1,953.69 

57} 

181.427 

2,619.36 

65} 

206.167 

3,382.44 

50 

157.080 

1,963.50 

57t 

181.820 

2,630.71 

65} 

206.560 

3,395.33 

1 

167.473 

1,973.33 

58 

182.213 

2,642.09 

65, 

206  953 

3,408.26 

157.865 

1,983.18 

.58} 
54 

182.605 

2,653.49 

66 

207.346 

3,421.20 

158.258 

1,993.06 

182.998 

2,664.91 

661 
661 

207.738 

3,434.17 

50} 

158.651 

2,002.97 

58} 

183.391 

2,676.36 

208.131 

3,447.17 

50} 

159.043 

2,012.89 

58} 

183.784 

2,687.84 

66} 

208.524 

3,460.19 

50} 

159.436 

2,022.85 

58} 

184.176 

2,699.33 

66} 

208.916 

3,473.24 

50} 

159.829 

2,032.82 

58} 

184.569 

2,710.86 

66} 

209.309 

3,486.30 

51 

160.222 

2,042.83 

58, 

184.%2 

2,722.41 

66} 

209.702 

3,499.40 

51^ 
51 

160.614 

2,052.85 

59 

185.354 

2,733.98 

66} 

210.094 

3,512.52 

161.007 

2,062.90 

^ 

185.747 

2,745.57 

67 

210.487 

3,525.66 

51 
51 

161.400 

2,072.98 

186.140 

2,757.20 

67} 

67} 

210.880 

3,538.83 

161.792 

2,083.08 

n\ 

186.532 

2,768.84 

211.273 

3,552.02 

511 

162.185 

2,093.20 

186.925 

2,780.51 

67} 

211.665 

3,565.24 

564 
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Diam. 

Circum. 

Area. 

Diam. 

arcum. 

Area. 

Diam. 

Circum. 

Area. 

67* 

212.058 

3,578.48 

75* 
75* 

236.798 

4,462.16 

83* 

261.538 

5,443.26 

67* 

212.451 

3,591.74 

237.191 

4,476.98 

83* 
83* 

261.931 

5,459.62 

67» 

212.843 

3,605.(VI 

75 

237.583 

4,491.81 

262.324 

5,476.01 

67J 

213.236 

3,618.35 

75* 

237.976 

4,506.67 

83* 

262.716 

5,492.41 

68 

213.629 

3,631.69 

75t 

238.369 

4,521.56 

83* 

263.109 

5.506.84 

ell 

214.021 

3,645.05 

76 

238.762 

4,536.47 

83t 

263.502 

5,525.30 

214.414 

3,658.44 

76* 
76i 

239.154 

4,561.41 

84 

263.894 

5.541.78 

68| 

214.807 

3,671.86 

239.547 

4,566.36 

84* 
84* 

264.287 

5.558.29 

68* 

215.200 

3,685.29 

761 
76* 

239.940 

4,581.35 

264.680 

5,574.82 

68* 

215.592 

3,698.76 

240.332 

4,596.36 

84* 

265.072 

5,591.37 

68* 

215.985 

3,712.24 

76* 

240.725 

4,611.39 

84* 

265.465 

6.607.95 

68J 

216.378 

3,725.75 

76* 

241.118 

4,626.45 

84* 
84* 

265.858 

5,624.56 

69 

216.770 

3,739.29 

76* 

241.510 

4,641.53 

266.251 

6,641.18 

69* 
69* 

217.163 

3,752.85 

77 

241.903 

4,656.64 

84* 

266.643 

5,657.84 

217.556 

3,766.43 

77* 
77} 

242.296 

4,671.77 

85 

267.036 

5,674.51 

69* 

217.948 

3,780.04 

242.689 

4,686.92 

85* 
85i 

267.429 

5,691.22 

69* 

218.341 

3,793.68 

77* 
77* 

243.061 

4,702.10 

267.821 

5,707.94 

69* 

218.734 

3,807.34 

243.474 

4,717.31 

85* 

268.214 

5,724.69 

69* 

219.127 

3,821.02 

77* 

243.867 

4,732.54 

86* 

268.607 

5,741.47 

69, 

219.519 

3,834.73 

m 

244.259 

4,747.79 

85* 

268.999 

5,758.27 

70 

219.912 

3,848.46 

77* 

244.662 

4,763.07 

85* 

269.392 

5,775.10 

70^^ 
70* 

220.305 

3,862.22 

78 

245.045 

4,778.37 

86t 

269.785 

5,791.94 

220.697 

3,876.00 

78J- 
781 

245.437 

4.793.70 

86 

270.178 

5,808.82 

70* 
70* 

221.090 

3,889.80 

245.830 

4,809.05 

86 
86- 

270.670 

5,825.72 

221.483 

3,903.63 

78* 
78* 

246.223 

4,824.43 

270.963 

5,842.64 

70* 

221.875 

3,917.49 

246.616 

4,839.83 

86* 

271.356 

5,859.59 

70* 

222.268 

3,931.37 

78* 

247.008 

4,855.26 

86* 

271.748 

5,876.56 

70t 

222.661 

3,945.27 

78* 

247.401 

4,870.71 

86* 

272.141 

5,893.55 

71 

223.054 

3,959.20 

78* 

247.794 

4,886.18 

86* 

272.634 

5,910.58 

71| 
71} 

223.446 

3,973.15 

79 

248.186 

4,901.68 

86v 

272.926 

5,927.62 

223.839 

3,987.13 

^ 

248.579 

4,917.21 

87 

273.319 

5,944.69 

71* 

224.232 

4,001.13 

248.972 

4,932.75 

87* 
87* 

273.712 

6,961.79 

71* 

224.624 

4,015.16 

79* 

249.364 

4,948.33 

274.106 

5,978.91 

71* 

225.017 

4,029.21 

79* 

249.757 

4,963.92 

87* 

274.497 

6,996.05 

71* 

225.410 

4,043.29 

79* 

250.150 

4,979.55 

87* 

274.890 

6,013.22 

71* 

225.802 

4,057.39 

79* 

250.543 

4,995.19 

87* 

275.283 

6,030.41 

72 

226.195 

4,071.51 

79* 

250.935 

5,010.86 

87* 

275.675 

6,047.63 

72* 
72* 

226.588 

4,085.66 

80 

251.328 

6,026.56 

87* 

276.068 

6,064.87 

226.981 

4,099.84 

^ 

251.721 

5,042.28 

88 

276.461 

6,082.14 

72* 

227.373 

4,114.04 

262.113 

5,058.03 

88* 
88* 

276.853 

6,099.43 

72* 

227.766 

4,128.26 

80* 

252.506 

5,073.79 

277.246 

6,116.74 

72* 

228.159 

4,142.61 

80* 

252.899 

5,089.69 

88* 

277.629 

6,134.08 

72* 

228.551 

4,156.78 

80* 

253.291 

5,105.41 

88* 

278.032 

6,151.45 

72j 

228.944 

4,171.08 

80* 

253.684 

5,121.25 

88* 

278.424 

6,168.84 

73 

229.337 

4,185.40 

80* 

254.077 

5,137.12 

88* 

278.817 

6,186.25 

731 
73^ 

229.729 

4,199.74 

81 

254.470 

6,153.01 

88r 

279.210 

6,203.69 

230.122 

4,214.11 

81* 
81* 

254.862 

5,168.93 

89 

279.602 

6,221.15 

73* 

230.515 

4,228.51 

255.255 

5,184.87 

891 
89* 

279.995 

6,238.64 

73* 

230.908 

4,242.93 

81* 

255.648 

5,200.83 

280.388 

6,256.15 

73* 

231.300 

4,257.37 

81* 

266.040 

5,216.82 

89} 

280.780 

6,273.69 

73* 

231.693 

4,271.84 

81* 

266.433 

5,232.84 

89* 

281.173 

6,291.25 

??* 

232.086 

4,286.33 

81* 

256.826 

5,248.88 

89* 

281.566 

6,306.84 

74 

232.478 

4,300.85 

81* 

257.218 

5,264.94 

.  89* 

281.959 

6,326.45 

74| 

74j 

232.871 

4,315.39 

82 

257.611 

5,281.03 

89* 

282.351 

6,344.08 

233.264 

4,329.96 

821 

82* 

258.004 

5,297.14 

90 

282.744 

6,361.74 

Z1? 

233.656 

4,344.55 

258.397 

5,313.28 

90* 
90* 

283.137 

6,379.42 

zit 

234.049 

4,359.17 

82| 

258.789 

6,329.44 

283.529 

6,397.13 

74* 

234.442 

4,373.81 

82* 

259.182 

5,345.63 

90* 
90* 

283.922 

6,414.86 

74* 

234.835 

4,388.47 

82* 

259.575 

5,361.84 

284.315 

6,432.62 

li* 

235.227 

4,403.16 

82* 

269.967 

5,378.08 

90* 

284.707 

6,450.40 

75 

235.620 

4,417.87 

82t 

260.360 

5,394.34 

90* 

285.100 

6,468.21 

1 

236.013 

4,432.61 

83 

250.753 

6,410.62 

90t 

285.498 

6,486.04 

236.405 

4,447.38 

83* 

261.145 

6,426.93 

91 

286.886 

6,508.90 
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Diam. 

Circum. 

Area. 

Diam. 

Circum. 

Area. 

Diam. 

Circum. 

Area. 

9li 

286.278 

6,521.78 

94A 

295.703 

6,958.26 

97* 
97* 

306.128 

7,408.89 

286.671 

6,539.68 

94* 

296.096 

6,976.76 

306.521 

7,427.97 

91f 
91i 

287.064 

6,557.61 

94* 

296.488 

6,995.28 

97* 
97* 

305.913 

7,447.08 

287.466 

6,675.56 

94* 

296.881 

7,013.82 

306.306 

7,466.21 

91* 

287.849 

6,593.54 

94* 

297.274 

7,032.39 

m 

306.699 

7,486.37 

91f 

288.242 

6,611.55 

941 

297.667 

7,050.98 

97* 

307.091 

7,504.55 

91t 

288.634 

6,629.57 

Mt 

298.069 

7,069.69 

97* 

307.484 

7,523.75 

92 

289.027 

6,647.63 

95 

298.462 

7,068.24 

98 

307.877 

7,642.98 

92^^ 

289.420 

6,665.70 

95^ 
95* 

298.846 

7,106.90 

98^ 

m 

308.270 

7,562.24 

92^ 

289.813 

6,683.80 

299.237 

7,126.59 

308.662 

7,581.52 

92f 

290.205 

6,701.93 

95* 

299.630 

7,144.31 

98* 
98* 

309.056 

7,600.82 

92i 

290.598 

6,720.08 

96* 

300.023 

7,163.04 

309.448 

7,620.15 

92* 

290.991 

6,738.25 

95* 

300.415 

7,181.81 

98* 

309.840 

7,639.50 

92f 

291.383 

6,756.46 

96* 

300.808 

7,200.60 

98} 

310.233 

7,658.88 

92* 

291.776 

6,774.68 

95* 

301.201 

7,219.41 

98J 

310.626 

7,678.28 

93 

292.169 

6,792.92 

96 

301.594 

7,238.25 

99 

311.018 

7,697.71 

m 

292.562 

6,811.20 

96* 
96* 

301.986 

7,257.11 

^ 

311.411 

7,717.16 

292.964 

6,829.49 

302.379 

7,275.99 

311.804 

7,736.63 

931 

293.347 

6,847.82 

96* 

96* 

302.772 

7,294.91 

99* 

312.196 

7,756.13 

93* 

293.740 

6,866.16 

303.164 

7,313.84 

99* 

312.689 

7,775.66 

931 

294.132 

6,884.53 

96* 

303.667 

7,332.80 

99* 

312.982 

7,795.21 

931 

294.525 

6,902.93 

961 

303.960 

7,351.79 

991 

313.375 

7,814.78 

93* 

294.918 

6,921.35 

96t 

304.342 

7,370.79 

99* 

313.767 

7,834.38 

94 

295.310 

6,939.79 

97 

304.736 

7,389.83 

100 

314.160 

7,854.00 

The  preceding  table  may  be  used  to  determine  the  diameter  when 
the  circumference  or  area  is  known.  Thus,  the  diameter  of  a  circle  having 
an  area  of  7,200  sq.  in.  is  approximately  96|  in. 


A  GLOSSARY  OF  MINING  TERMS. 


The  present  glossary  is  a  combination  of  glossaries  of  mining  terms  con- 
tained in  the  following  works:  Coal  and  Metal  Miners'  Poeketbook,  Fifth 
Edition;  Raymond's  Glossary  of  Mining  and  Metallureical  Terms;  Powers' 
Poeketbook  for  Miners  and  Metallurgists;  Locke's  Miners'  Poeketbook; 
Vol.  AC,  Second  Pennsylvania  Geological  Survey;  Ilhseng's  Manual  of 
Mining;  Chism's  Encyclopedia  of  Mexican  Mining  Law;  a  Glossarv  of  Terms 
as  Used  in  Coal  Mining,  by  "W.  S.  Gresley;  11th  Annual  Report  of  the  State 
Mine  Inspector  of  Missouri;  Bullman's  Colliery  Working  and  Management; 
Reynolds*^  Handbook  of  Mining  Laws;  Report  of  the  Mine  Inspector  of 
Tennessee  for  1897;  Smithsonian  Report  for  1886;  together  with  a  large  num- 
ber of  words  which  have  been  added  ftom  various  stray  sources.  It  is 
impossible  to  quote  the  authority  for  each  definition,  as  many  of  the  defini- 
tions are  comninations  from  a  number  of  authors.  Where  such  different 
definitions  have  given  distinctly  diflferent  meanings,  each  one  has  been 
included,  but  where  there  has  been  expressed  merely  a  slight  shade  of 
diflference,  the  definition  aereeing  most  closely  with  current  American 
practice  has  been  taken,  or  else  modified  to  suit  such  practice.  The  foreign 
words  selected  are  those  with  which  an  American  is  most  likely  to  come 
in  contact,  and  this  portion  of  the  glossary  is,  of  course,  not  exhaustive.  For 
the  large  number  of  purely  local  terms  used  in  the  several  coal  fields  of  Great 
Britain,  the  reader  is  referred  to  Mr.  Gresley's  glossary. 
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Abattis  (Leicester).— Cross-packing  of  branches  or  rough  wood,  used  to  keep 

roads  open  for  ventilation. 
Abra  (Spanish).— Fissure  in  a  lode,  unfilled  or  only  partially  filled. 
Abronziado  (Spanish}.— Copper  sulphides. 
AbaoliUe  iVc««urc.— The  pressure  reckoned  from  a  vacuum. 
Aheoluie  Temperature. — The  temperature  reckoned  from  the  absolute  zero. 

-459.2°  P.  or  —273°  C. 
Accompt  (Cornish).— Settling  day  or  place. 
AcMcar  (Mexican).— To  diminish  the  quantity  of  water  in  any  gallery  or 

worklnfir,  generally  by  carrying  it  out  in  buckets  or  in  leather  l»gs. 

.4cAtcaaorc«.— Laborers  employed  for  said  purpose.    Acfdchinques.—^m% 

as  Achicadores.    Also  applied  to  hangers-on  about  police  courts,  etc. 

Such  people  as  are  generally  called  strikers  in  the  United  States. 
Acreage  Rent  (English).— Royalty  or  rent  for  working  minerals. 
Adarme  (Mexican).— A  weight  for  gold,  about  1.8  grams. 
Addlings  (North  of  England).— Earnings. 
Ademador  (Spanish).— Mine  carpenter,  or  timberman. 
Ademar  (Spanish).— To  timber. 
Adit.^A  nearly  horizontal  passage  from  the  surface,  by  which  a  mine  is 

entered  and  unwatered  with  just  sufficient  slope  to  insure  drainage. 

In  the  United  States,  an  adit  driven  across  the  measures  is  usually  called 

a  tunnel,  though  the  latter,  strictly  speaking,  passes  entirely  through  a 

hill,  and  is  open  at  both  ends, 
^dobc— Sun-dried  brick. 
Adventurers.— OTiginal  prospectors. 

Adverse.— To  oppose  the  granting  of  a  patent  to  mining  claim. 
Adze.— A  curved  cutting  instrument  for  dressing  timber. 
Aerage  (French).— Ventilation. 
Aer<ymeter8.— The  air  pistons  of  a  Struve  ventilator. 
Aerophore.— The  name  ^ven  to  an  apparatus  that  will  enable  a  man  to  enter 

places  in  mines  filled  with  explosive  or  other  deadly  gases,  with  safety. 
Afinar  (Mexican).— Refining  gold  and  silver. 

Afterdamp.— The  gaseous  mixture  resulting  from  an  explosion  of  firedamp. 
Agent.— The  manager  of  a  mining  property. 
Agitator.— A  mechanical  stirrer  used  in  j>&n  amalgamation. 
Ahondar  (Spanish).— To  sink. 
Air.— The  current  of  atmospheric  air  circulating  through  and  ventilating  the 

workings  of  a  mine. 
Air  Box.— Wooden,  tubes  used  to  convey  air  for  ventilating  headings  or 

sinkings  or  other  local  ventilation. 
Air  Compartment.-An  air-tight  portion  of  any  shaft,  winze,  rise,  or  level, 

used  for  improving  ventilation, 
^ir- Course— See  Airway. 

Air  Crossing.— A  bridge  that  carries  one  air-course  over  another. 
Air  Cushion.— A  spring  caused  by  confined  air. 
Air  Door. — A  door  for  the  regulation  of  currents  of  air  through  the  workings 

of  a  mine. 
Air-End  Way  (Locke).— Ventilation  levels  run  parallel  with  main  level. 
Air  Furnace.— A  reverberatory  ftirnace  in  which  to  smelt  lead. 
Air  Gates  (Locke).— (1)  Underground  roadways,  used  principally  for  venti- 
lating purposes.    (2)  An  air  regulator. 
Air  Head  (Staff).— Ventilation  ways. 
Air  Heading.— An  airway. 
Air  Hole  {Fo'weT8).—A  hole  drilled  in  advance  to  improve  ventilation  by 

communication  with  other  workings  or  the  surface. 
Airless  End.— The  extremitjr  of  a  stall  m  longwall  workings  in  which  there 

is  no  current  of  air,  or  circulation  of  ventilation,  but  which  is  kept  pure 

by  difflisiou  and  by  the  ingress  and  egress  of  cars,  men,  etc. 
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Air  Levd. — A  level  or  airway  of  former  workings  made  use  of  In  subsequent 
deeper  mining  operations  for  ventilating  purposes. 

Air  Oven. — A  heated  chamber  for  drying  samples  of  ore,  etc. 

Air  Pipe. — A  pipe  made  of  canvas  or  metal,  or  a  wooden  box  used  in  con- 
veying air  to  the  workmen,  or  for  rock  drills  or  air  locomotives. 

Air-Snaft.—A.  shaft  or  pit  used  expressly  for  ventilation. 

Air  Slit  ( Yorks).— A  short  head  between  other  air  heads. 

Air  SoUar. — A  brattice  carried  beneath  the  tram  rails  or  road  bed  in  a  head- 
ing or  gangway. 

Air  St€ick.—A  stack  or  chimney  built  over  a  shaft  for  ventilation. 

Airway. — Any  passage  through  which  air  is  carried. 

Aitch  Piece.^Pajts  of  a  pump  in  which  the  valves  are  fixed. 


AlbanU  (Spanish).— Mason. 
Albayalde  (Spanish).— White  lead. 


AlberH  FurMice.—A  continuous  reverberatory  for  mercury  ores. 

Alcam  (Wales).— Tin. 

Alive  (Cornish).— Productive. 

Alloy. — A  homogeneous  mixture  of  two  or  more  metals  by  f\ision. 

Alluvial  Gold.— Gold  found  associated  with  water-worn  material. 

AUuvtum.—QTuyel,  sand,  and  mud  deposited  by  streams. 

Almadeneta  (Spanish).— iStamp  head. 

Almagre  (Spanish).— Red  ocher. 

AliemaHnq  MoHon.—Vp  and  down,  or  backward  and  forward  motion. 

Alto  ( Mexican) .—The  hanging  wall  of  a  vein.    See  BespcMos. 

Alvdd  (Spanish).— Earthen  condenser  for  mercury. 

Amalgam. — An  alloy  of  quicksilver  with  some  other  metal. 

Ama^mc^ion.— Aosorption  of  gold  and  edlver  by  mercury. 

Amalgamalor.—OTi%  that  amalgamates  gold  and  'silver  ores. 

uimyodo^oidcU.— Almond-shaped. 

Anctj^tu.- The  determination  of  the  original  elements  and  the  proportions 

of  each  in  a  substance. 
Anemometer. ^Ajo.  instrument  used  for  measuring  the  velocity  of  a  ventilating 

current. 
Anffie  Beam.^K  two-limbed  beam  used  for  turning  angles  in  shafts,  etc. 
AnAydrotw.- Without  water  in  its  composition. 
Anneal.- To  toughen  metals,  glass,  etc.  by  first  heating  and  then  cooling 

very  slowly. 
Anthracite.— A  variety  of  coal  containing  a  small  percentage  of  volatile 

matter. 
Antidine.—A  flexure  or  fold  in  which  the  rocks  on  the  opposite  sides  of  the 

fold  dip  away  from  each  other,  like  the  two  legs  of  tne  letter  A.    The 

inclination  on  one  side  may  be  much  greater  than  on  the  opposite  side. 

An  anticlinal  is  said  to  be  overturned  when  the  rocks  on  both  sides 

dip  in  the  same  direction. 
Anticlinal  Axis.— The  ridge  of  a  saddle  in  a  mineral  vein,  or  the  line  along 

the  summit  of  a  vein,  from  which  the  vein  dips  in  opposite  directions. 
Anticlinal  Flexure;  Anticlinal  Fold,— An  anticline. 

Antiguos,  Los  (Mexican).— The  Spanish  or  Indian  miners  of  colonial  times. 
AnHmony  Stor.— The  metal  antimony  when  crystallized,  showing  fem-like 

markings  on  the  surface. 
Aparadorea  (Mexican).— Persons  that  re  wash  or  rework  tailings  flrom  silver 

mills. 
Apart^o  (Mexican).— A  pack  saddle.    Any  rough-and-ready  apparatus  for 

moving  and  adjusting  heavy  timbers,  etc. 
Aperos  (Mexican). — All  sands  of  mining  supplies  in  general.    Aperador.—A 

storekeeper. 
Apex.— The  landing  point  at  the  top  of  a  slope  or  inclined  plane,  the 

knuckle;  also,  the  top  of  an  anticlinal.    In  the  U.  S.  Revised  Statutes, 

the  end  or  edge  of  a  vein  nearest  the  surface. 
A  pique  (Mexican).— Perpendicular. 
ApolvUlados  (Spanish).— Superior  ores. 

Apron  (English).— (1)  A  covering  of  timber,  stone,  or  metal,  to  protect  a  sur- 
face against  the  action  of  water  flowing  over  it.    (2)  A  hinged  extension 

to  a  loading  chute. 
Aproiw.— Stamp-battery  copper  plates. 
Aqua  /Vwfw.— Nitric  acid. 

Aqua  Regia.-A  mixture  of  hydrochloric  acid  and  nitric  acid. 
Aqueduct.— An  artificial  elevated  way  for  carrying  water.    OqIc 
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Arqio  (Mexican).— See  HoUaJo. 

Arch  (Cornish).— Portion  of  lode  left  standing  to  sapport  hanging  wall,  or 
because  too  poor. 

ylrcAeon.— An  early  period  of  geological  time. 

^rcMn^.— Brickwork  or  stonework  forming  the  roof  of  any  underground 
ro£ulway. 

Arenaceous. — Sandy;  rocks  are  arenaceous  when  they  contcdn  a  oonsidenible 
percentage  of  sand. 

Arends  7bp.— An  inverted  edphon  for  drawing  molten  lead  from  a  crucible 
or  furnace. 

AreniUaa  (Spanish).— RefUse  earth. 

^rpien«i/crot«.— Silver-bearing. 

Argillaceous. — Clayey;  rocks  are  argillaceous  when  they  contain  a  consid- 
erable percentage  of  clay,  or  have  some  of  the  characteristics  of  clay. 

Argol.— Crude  tartar  deposited  from  wine. 

Arian  (Wales).— Silver. 

Arm. — ^The  inclined  leg  of  a  set  of  timber. 

Arrage  (North  England). — Sharp  comer. 

Arrastre.—K  circular  trough  in  which  drags  are  pulled  round  by  being  con- 
nected with  a  central  revolving  shaft  by  an  arm  and  chain.  Used  for 
grinding  and  amalgamating  ores.  Arrastre  de  cuchara,  spoon  arrastre; 
de  marca,  large  arrastre;  cfe  mula,  mule-power  arrastre. 

Arrastrar  (Mexican}.— To  drag  along  the  ground.  Arrastrar  el  Agua.—To 
almost  completely  exhaust  the  water  in  a  sump  or  working. 

Arroba  (Mexican).— 25  lb. 

Artesian  Well.—An  artificial  channel  of  escape,  made  by  a  bore  hole,  for  a 
subterranean  stream,  subject  to  hydrostatic  pressure. 

Ascensional  Ventilation.^The  arrangement  of  the  ventilating  currents  in 
such  a  manner  that  the  air  sheill  continuously  rise  until  reaching  the 
bottom  of  the  upcast  shaft.    Particularly  applicable  to  steep  seams. 

Ashlar.— A  facing  of  cut  stone  applied  to  a  backing  of  nibble  or  rough 
masonry  or  brickwork. 

^«ptmii  (French).— Opening  for  ventilation. 

Assay.— The  determination  of  the  quality  and  quantity' of  any  particular 
substance  in  a  mineral.    Assayer.—<>ne  who  performs  assays. 

Assessment  Work.— The  annual  work  necessary  to  hold  a  mining  claim. 

^ste/.— Overhead  boarding  in  a  gallery. 

Astyllen  (Cornish).- Smalldaminanadit;  partition  between  ore  and  deads 
on  grass. 

Atacador  (Mexican).— A  tampine  bar  or  tamping  stick. 

Atecas  (Mexican).— Same  as  Achtcadores,  etc. 

Atierres  (Spanish).— Refuse  rock  or  dirt  inside  a  mine. 

Attle  f Cornish). —Refuse  rock. 

Attle  (Addle).— The  waste  of  a  mine. 

Attrition.— The  act  of  wearing  away  by  fWction. 

Auger  Stem.— The  iron  rod  or  bar  to  which  the  bit  is  attached  in  rope  drilling. 

^tw7e/.— Priming  tube. 

Aur  (Wales).— Gold. 

Auriferous. — Gold-bearing. 

Ausscharen  (German).— Junction  of  lodes. 

Auszimmem  (German). — Timbering. 

Average  Produce  (Cornish).— Percentage  of  fine  copper  in  ore. 

Average  Standard  ( Cornish) .-Price  of  pure  copper  in  ore. 

Aviador  (Spanish).— One  who  provides  the  capital  to  work  a  mine. 
-4rio.— Money  ramished  to  the  proprietors  of  a  mine  to  work  the  mine, 
by  another  person,  the  Aviador.  Avio  Contract.— A  contract  between 
two  parties  for  working  a  mine  bv  which  one  of  the  parties,  the  aviador, 
furnishes  the  money  to  the  proprietors  for  working  the  mine. 

Axis.— An  imaginary  line  passing  through  a  body  that  may  be  8upix>sed  to 
revolve  around  it. 

Azimuth.— The  azimuth  of  a  body  is  that  arc  of  the  horizon  that  is  included 
between  the  meridian  circle  at  the  given  place  and  a  vertical  plane 
passing  through  the  body.  It  is  always  measured  ftom due  north  around 
to  the  right. 

Azogue  (Spanish).— Mercury,    ^so^t^ria.- Amalgamating  works.    Azaguero. 
Amalgamator.    The  person  in  charge  of  a  patio  worKs.    Azoguea.— Free 
milling  ores. 
Ic.—The  age  of  rocks  that  were  formed  before  animal  life  existed. 
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bBc. — (1)  A  plane  or  cleavage  in  coal,  etc.,  having  frequently  a  smooth 
arting  and  some  sootv  coal  included  in  it.  (2)  The  inner  end  of  a 
eading  or  gangway.    (3)  To  throw  back  into  the  gob  or  waste  the  small 


parting  and  some  sooty  coal  included  in  it.  (2)  The  inner  end  of  a 
xieading  or  gangway.  (3)  To  throw  back  into  the  gob  or  waste  the  small 
slack,  mrt,  etc.    (4)  To  roll  large  coals  out  of  a  waste  for  loading  into  cars. 


roA;  Balance. — A  self-acting  incline  in  the  mine,  where  a  balance  car  and  a 
oarriage  in  which  the  mine  car  is  placed  are  used.  The  loaded  car  upon 
tJie  carriage  will  hoist  the  balance  car,  and  the  balance  car  will  hoist  the 
carriage  and  empty  car. 

x^Ma>ye  Work.— Work  done  between  the  shaft  and  the  working  fiice,  in 
contradistinction  to  face  work,  or  work  done  at  the  face.  . 

atc^  Cki8ing.—A  wall  or  lining  of  dry  bricks  used  in  sinking  through  drift 
<3eposlt8,  the  permanent  walling  being  built  up  within  it.  The  use  of 
timber  cribs  and  planking  serves  the  same  purpose. 

(xoA  Und  ( England). ^The  1^  i>ortion  of  a  jud. 


ctcking.—{l)  The  rough  masonry  of  a  wall  faced  with  finer  work.    (2)  Earth 
deposited  behind  a  retaining  wall,  etc.    (3)  Timbers  let  into  notches  in 
the  rock  across  the  top  of  a  level. 
cLcking  DeaU.—DeaX  boards  or  planking  placed  at  the  back  of  curbs  for 

supi)orting  the  sides  of  a  shaft  that  is  liable  to  run. 
'cLck  Joint.-^oint  plane  more  or  less  parallel  to  the  strike  of  the  cleavage, 

and  frequently  vertical. 
'>ctckla8?i.—(l)  Backward  suction  of  air-currents  produced  after  an  explosion 

of  firedamp.    (2)  Reentry  of  air  into  a  fan. 
tcLck  of  Ore— The  ore  between  two  levels  which  has  to  be  worked  from  th6 

lower  level. 
icLck  Pressure.— The  loss,  expressed  in  pounds  per  square  inch,  due  to  getting 

the  steam  out  of  the  cylinder  after  it  has  done  its  work. 
ictck  SAi/if.— Afternoon  shift. 

ifzck  Skin  (North  of  England).— A  leather  Jacket  for  wet  workings. 
iackstay.—A  wrought-iron  forked  bar  attached  to  the  back  of  cars  when 
ascending  an  inclined  plane,  which  throws  them  off  the  rails  if  the  rope 
or  coupling  breaks. 
?ajr  Ends.— Long  wooden  edges  for  adjusting  linings  in  sinking  shafts  dur- 
ing the  operation  of  fixing  the  lining. 
Baffle.— To  brush  out  firedamp. 
Baif.— Provisions. 

Bajo  (Mexican).— The  footwall  of  a  vein.    See  Bespaldo. 
BaZ  (Cornish).- A  mine. 

Balance.— (1)  The  counterpoise  or  weights  attached  to  the  drum  of  a  windinsr 
en^ne,  to  assist  the  engine  in  lifting  the  load  out  of  a  shaft  bottom  and 
in  nelping  it  to  slacken  speed  when  the  cage  reaches  the  surface.  It 
consists  often  of  a  bunch  of  heavy  chains  suspended  in  a  shallow  shaft, 
the  chains  resting  on  the  shaft  bottom  as  unwound  ofi'the  balance  drum 
attached  to  the  main  shaft  of  the  engine.  (2)  Scales  used  in  chemical 
analysis  and  assaying. 
Balance  Bob.— A  large  beam  or  lever  attached  to  the  main  rods  of  a  Cornish- 

pum^ng  engine,  carrying  on  its  outer  end  a  counterpoise. 
Balance  Box. — A  large  box  placed  on  one  end  of  a  balance  bob  and  filled 

with  old  iron,  rock,  etc.  to  counterbalance  the  weight  of  pumn  rods. 
Balance  Brow.— An  inclined  plane  in  steep  seams  on  which  a  platform  on 

wheels  travels  and  carries  the  cars  of  coal. 
Balance  Car.— A  small  weighted  truck  mounted  upon  a  short  inclined  track, 
and  carrying  a  sheave  around  which  the  rope  of  an  endless  haulage 
system  passes  as  it  winds  off  the  drum. 
Balance  Pit.— A  pit  or  shaft  in  which  a  balance  rises  or  falls. 
Balanzon  (Mexican).— The  balance  bob  of  a  Cornish  pump. 
Balk.—{1)  A  more  or  less  sudden  thinning  out  of  a  seam  of  coal.    (2)  Irregu- 
lar-shaped masses  of  stone  intruding  into  a  coal  seam,  or  bulgings  out 
of  the  stone  roof  into  the  seam.    (3)  A  bar  of  timber  supporting  the  roof 
of  a  mine,  or  for  carrying  any  heavy  load. 
BaMand  (Derbyshire).- Pulverulent  lead  ore. 

BaMast.— Broken  stone,  gravel,  sand,  etc.  used  for  keeping  railroad  ties  steady. 
Bancos  (Spanish). — Horses  in  a  vein  or  cross-courses. 
Band.— A  seam  or  thin  stratum  of  stone  or  other  reftise  in  a  seam  of  coal, 
^anife.— (1)  The  top  of  the  shaft,  or  out  of  the  shaft.    (2)  The  surface  around 
the  mouth  of  a  shaft.    (3)   To  manipulate  coals,  etc.  on  the  bank. 
(4)  The  whole  or  sometimes  only  one  side  or  one  end  of  a  working 
place  underground.    (5)  A  large  heap  of  mineral  on  the  surface. 
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Bank  Chain.— A  chain  that  includes  the  bank  of  a  river  or  creek. 

Bank  Claim  (Australian).— Mining  right  on  bank  of  stream. 

J3anA;et.— Auriferous  conglomerate  of  South  Africa. 

Bank  Head.— -The  upper  end  of  an  inclined  plane,  next  to  the  engine  or  dnuL 

made  nearly  level. 
Bank  Right  (Australian).— Right  to  divert  water  to  bank  claim. 
Banksman.— Th^e  man  in  attendance  at  the  top  of  the  shaft,  saperintendins 

the  work  of  banking. 
Bankwork.—A  system  of  working  coal  in  South  Yorkshire. 
Bank  to  Bank.-r-A  shift. 
Bannocking.—&ee  Kirving. 

Bano  (Spanish). — Excess  of  mercury  used  in  torta. 
£ar.— A  length  of  timber  placed  horizontally  for  supporting  the  roof.    In 

some  cases,  bars  of  wrought  iron,  about  3  in.  x  1  m.  X  5  ft.  are  used. 
Bar  Diggings.— {I)  River  placers  subject  to  overflow.    (2)  Auriferous  claim? 

on  shallow  streams, 
^ar^am.- Portion  of  mine  worked  by  a  gang  on  contract. 
Barilla  (Spanish).— Grains  of  native  copper  disseminated  through  ores. 
Baring.— v>QQ  Stripping. 

Barmaster  (Derbyshire)— Mine  manager,  agent,  and  engineer. 
Bar  Mining.— The  mimng  of  river  bars,  usually  between  low  and  high  water, 

although  the  stream  is  sometimes  deflected  and  the  bar  worked  below 

water  level. 
Barney.— A  small  car,  used  on  inclined  planes  and  slopes  to  push  the  mine 

car  up  the  slope.    Barney  Pit.— A  pit  at  the  bottom  of  a  slope  or  plane 

into  which  the  barney  runs  to  allow  the  mine  car  to  pass  over  it. 
Barra  (Mexican).— (1)  A  bar,  as  of  gold,  silver,  iron,  steel,  etc.     (2)  A  cer- 

tain  share  in  a  mine.   The  ancient  Spanish  laws,  fl*om  time  immemorial, 

considered  a  mine  as  divided  into  24  parts,  and  each  part  was  called  a 

"  barra." 
Barra  Viuda,  or  Aviada  (Mexican).— These  are  "barras"  or  shares  that  par- 
ticipate in  the  profits,  but  not  in  the  expenses,  of  mining  concerns. 

Their  share  of  the  expenses  is  paid  by  the  other  shares.    Non-assessable 

shares. 
Barranca  (Mexican).— A  ravine,  a  gulch.    What  is  improperly  called  in  the 

United  States  a  canyon  or  cafion. 
Barrel  Amalgamation.— ATaAlgamsiting  ores  in  revolving  barrels. 
Barrel  Work.—{l)  Native  copper  that  can  be  hand-sorted  ready  for  smelt- 
ing.   (2)  Barrel  amalgamation, 
^arrena  (Mexican).— A  hand  drill  for  opening  holes  in  rocks  for  blasting 

purposes. 
Barrenarse  (Mexican).— When  two  mines  or  two  workings  (as  a  shaft  or 

winze,  or  a  gallery)  communicate  with  each  other. 
Barren  G^rownd.- Strata  unproductive  of  seams  of  coal,  etc.  of  a  workable 

thickness. 
Barreno  (Mexican)  .—(1)  A  drill  hole  for  blasting  purposes.  In  mechanics,  any 

bored  hole.    (2^  A  communication  between  two  mines  or  two  workings. 
Barretero  (Mexican).— A  miner  of  the  first  class:  one  that  knows  how  to 

point  nis  holes,  drill,  and  blast,  or  work  with  a  gad. 
Barrier  PiUar.—A  solid  block  or  rib  of  coal,  etc.,  left  unworked  between  two 

collieries  or  mines  for  security  against  accidents  arising  from  influx  of 

water. 
Barrier  System.— The  method  of  working  a  colliery  by  pillar  and  stall,  where 

solid  ribs  or  barriers  of  coal  are  left  in  between  a  set  or  series  of  working 

places. 
Barrow.— (1)  A  box  with  two  handles  at  one  end  and  a  wheel  at  the  other. 

(2)  Heap  of  waste  stuff  raised  from  a  mine;  a  dump. 
Bar  Timbering.— A  system  of  supporting  a  tunnel  roof  by  long  top  bars, 

while  the  whole  lower  tunnel  core  is  taken  out,  leaving  an  open  space 

for  the  masons  to  run  up  the  arching.    Under  certain  conditions,  the 

bars  are  withdrawn  after  the  masonry  is  completed,  otherwise  they  are 

bricked  in  and  not  drawn. 
Base  Bullion. — Lead  combined  with  precious  metals. 

Base  MetcU.—UetAl  not  classed  with  the  precious  metals,  gold,  silver,  plat- 
inum, etc.,  that  are  not  easily  oxidized. 
Basin.— {1)  A  coal  field  having  some  resemblance  in  form  to  a  basin.    (2) 

The  synclinal  axis  of  a  seam  of  coal  or  stratum  of  rock. 
Basket.- A  measure  of  weight  =  2  cwt. 
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oL^^-^jie. — Crucible  or  fUrnace  lining. 

ci««t   (Derbyshire).— Indurated  clay. 

«..»««<. — Outcrop  of  a  lode  or  stratum. 

Gc-«*ard. — A  particularly  hard  massive  rock  or  boulder. 

c«^<r^ — An  assorted  parcel  of  ore,  sometimes  called  doles,  when  divided 

Sjito  equal  quantities. 
'Ceee«i. — A  shallow  wooden  bowl  used  for  washing  out  gold,  etc. 
*€M^t.  (English).— (1)  A  highly  bituminous  shale  found  in  the  coal  measures. 

<2)  Hardened  clay,  but  not  fireclay.    Same  as  Bend  and  Bind. 
rcKXeen. — ^A  piece  of  thin  board  less  than  12  in.  in  width. 
^cz££6r. — The  inclination  of  a  face  of  masonry  or  of  any  inclined  portion  of 

a  frame  or  metal  structure. 
^<x*<efy.— (1)  A  structure  built  to  keep  coal  from  sliding  down  a  chute  or 
breast.    (2)  An  embankment  or  platform  on  which  miners  work.    (3) 
A  set  of  stamps. 
Sct^j/. — ^An  open  space  for  waste  between  two  packs  in  a  longwall  working. 

See  Board. 
^<ja,y  of  Biscay  Ctowniry.— (Geological).— See  Crab  Holes. 
^^^€ich  Combing.— Working  the  sands  on  a  beach  for  gold,  tin,  or  platinum. 
I^^ans  (North  of  England).— All  coal  that  will  pass  through  about  ^' 

screen. 
J^^nn  SAoi.— Copper  ^nulated  by  pouring  into  hot  water. 
J^^ar. — A  deposit  of  iron  at  the  bottom  of  a  furnace. 
JS^ar;  to  Bear  Jn.— Underholding  or  undermining;  driving  in  at  the  top  or  at 

the  side  of  a  working. 
J^€arer«.— Pieces  of  timber  3  or  4  ft.  longer  than  the  breadth  of  a  shaft, 
which  are  fixed  into  the  solid  rock  at  the  sides  at  certain  intervals  apart; 
used  as  foundations  for  sets  of  timber. 
JBcoriTO^.— (1)  The  course  by  a  compass.    (2)  The  span  or  length  in  the  clear 
between  the  points  of  support  of  a  beam,  etc.    (3)  The  points  of  support 
of  a  beam,  shaft,  axle,  etc. 
bearing  Door. — A  door  placed  for  the  purpose  of  directing  and  regulating  the 

amount  of  ventilation  passing  through  an  entire  district  of  a  mine. 
bearing  In.— The  depth  or  distance  under  of  the  undercut  or  holing. 
Bearing-up  Pulley.— A  pulley  wheel  fixed  in  a  frame  and  arranged  to  tighten 

up  or  take  up  the  slack  rope  in  endless-rope  haulage. 
Beanng-up  Stop.— A  partition  of  brattice  or  plank  that  serves  to  conduct  air 

to  a  face. 
Beat  (Cornish).— To  cut  away  a  lode. 

Beataioay.— Working  hard  ground  by  means  of  wedges  and  sledge  hammers. 
Bed. — (1)  The  level  surface  of  a  rock  upon  which  a  curb  or  crib  is  laid.  (2)  A 

stratum  of  coal,  ironstone,  clay,  etc. 
Bed  Claim  (Australian).- A  claim  that  includes  the  bed  of  a  river  or  creek. 
Bede. — Miners'  pickax. 

BechaUUe. — A  \aige  plate  of  iron  used  as  a  foundation  for  an  engine. 
Bea  Bock.— The  solid  rock  underlying  the  soil,  drift,  or  alluvial  deposits. 
Before-Br€aa.—Bx>ck  or  vein,  which  still  lies  ahead. 
Belgian  Zinc  Furnace.— A  ftimace  for  the  production  of  zinc,  in  which  the 

calcined  ore  is  distilled  in  tubular  retorts. 
^efl.— Overhanging  rock  or  slate,  of  a  bell-like  form,  disconnected  from  the 

main  roof. 
BeOand.-A  form  of  lead  poisoning  to  which  lead  miners  are  subject. 
BeUy.—A  swelling  mass  of  ore  in  a  lode. 
Ben,  Benhayl  (Cornish).— Productive.    The  productive  portion  of  a  tin 

stream. 
Bench.— (1)  A  natural  terrace  marking  the  outcrop  of  any  stratum.    (2)  A 

stratum  of  coal  forming  a  portion  of  the  vein. 
BcTich  Diggings.— Riwer  placers  not  subject  to  overflow. 
Benching.— To  break  up  with  wedges  the  bottom  coals  when  the  holing  is 

done  in  the  middle  of  the  seam. 
Benching  Up  (North  of  England).— Working  on  top  of  coal. 
Bench  Mark. — A  mark  cut  in  a  tree  or  rock  whose  elevation  is  known.    Used 

by  surveyors  for  reference  in  determining  elevations. 
Bench  Working.— The  system  of  working  one  or  more  seams  or  beds  of 

mineral  by  open  working  or  stripping,  in  stages  or  steps. 
Bend  (Derbyshire).— Indurated  clay. 

Ben^fidar  (Mexican).— To  treat  ores  for  the  purpose  of  extracting  the 
metallic  contents.  ^         i 
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Beneficio  (Mexican).— Any  metallurgical  process. 

Benheyl  (Cornish).— Flowing  tin  stream. 

Bessemer  Sted.— Steel  made  by  the  Bessemer  process. 

Beton  (English).— Concrete  of  hydraulic  cement  with  broken  stone,  bricb 

gravel,  etc. 
Bevd.— The  slope  formed  by  trimmlns  away  on  edge. 
Bevd  Gear.— A  gear-wheel  whose  teetn  are  incllnea  to  the  axis  of  the  whe«l 
Biche.—X  hollow-ended  tool  for  recovering  boring  rods. 
BiUy  Boy.— A.  boy  who  attends  a  Billy  Playfalr. 
Billy  PUiyfair.—k  mechanical  contrivance  for  weighing  coal,  consisting  -' 

an  iron  trough  with  a  sort  of  hopper  bottom,  into  which  all  the  smal 

coal  passing  through  the  screen  is  conducted  and  weighed  off  a:.i 

emptied  from  time  to  time. 
Bin.—K  box  with  cover,  used  for  tools,  stones,  ore,  etc. 
Bifid,  or  Binder.- Indurated  argillaceous  shales  or  clay,  very  commonly 

forming  the  roof  of  a  coal  seam  and  frequently  containing  clay  iron- 
stone.   See  BaU. 
Bindino.— Hiring  men, 
Biiig  (North  of  England).—*  cwt.  of  ore. 
BxTig  Hole  (Derbyshire).— An  ore  shoot. 
Bing  Ore  (Derbyshire).— Lead  ore  in  lumps. 

Bing  Tale  (North  of  England).— Ore  given  to  the  miner  for  his  labor. 
Bit.— A  piece  of  steel  placed  In  the  cutting  edge  of  a  drill  or  point  of  a  pict 
Blackband.—CB.tbou&ceoiia  ironstone  in  oeds,  mingled  with  coaly  matter 

sufficient  for  its  own  calcination. 
Black  BaU,  or  Black  .Stone.— Black  carbonaceous  shale. 
Black  Copper.— Impure  smelted  copper. 
Btacibdamp.— Carbonic-acid  gas. 
Black  Diamonds.— GobX. 
Black  £nd«.— Refuse  coke. 
Black  P^tu;.— Charcoal  and  i>otassium  carbonate. 
BUick  JacJfc.— (1)  Properly  speaking,  dark  varieties  of  zinc  blende,  but  many 

miners  apply  it  to  any  black  mineral.    (2)  Crude  black  oil  used  to  oil 

mine  cars. 
Black  I^eod.— Graphite. 

Black  Ore  (English).— Partly  decomposed  pyrites  containing  copper. 
Bkick  5ana.— Dark  minerals  found  with  aUuvial  gold. 
Black  SUme.—A  carbonaceous  shale. 
Black  rin.— Dressed  cassiterite;  oxide  of  tin. 
Blanch.— (1)  A  piece  of  ore  found  isolated  in  the  hard  rock.    (2)  Lead  ore 

mixed  with  other  minerals. 
Blanched  Copper.- Copper  alloyed  with  arsenic. 
Blanket  Strake  (Australian).— Sloping  tables  or  sluices  lined  with  baize,  for 

catching  gold. 
Blanket  IliWes.— Inclined  planes  covered  with  blankets,  to  catch  the  heavier 

minerals  passing  over  them. 
Blast— (1)  The  sudden  rush  of  fire,  gas,  and  dust  of  an  exploaon  through  the 

workings  and  roadways  of  a  mine.     (2)  To  cut  or  bring  down  coal, 

rocks,  etc.  by  the  explosion  of  gunpowder,  dynamite,  etc. 
Blasting  Barrel.— A  small  pipe  used  for  blasting  in  wet  or  gaseous  places. 
Blast  Pipe.— A  pipe  for  supplying  air  to  furnaces. 
Blende. — Sulphide  of  zinc;  sphalerite. 

Blick  (Germany).- Iridescence  on  gold  and  silver  at  end  of  cupeling. 
Blind  Coal.—Co&l  altered  by  the  heat  of  a  trap  dike. 
Blind  Creek.— {1)  A  creek  in  which  water  flows  only  in  very  wet  weather. 

(2)  (Australasian)  Dry  watercourse. 
Blind  Drift'— ^  horizontal  passage  in  the  mine  not  yet  connected  with  the 

other  workings. 
Blind  Joint.— Ohscnre  bedding  plane. 

Blind  Lead,  or  Blind  Lode.— A  vein  having  no  visible  outcrop. 
Blind  Level— {!)  An  incomplete  level.    (2)  A  drainage  level. 
Blind  Shaft,  or  Blind  Pit— A  shaft  not  coming  to  the  surfiB.ce. 
Bloat.— A  hammer  swelled  at  the  eye. 
Block  Claim  (Australian).- A  square  mining  claim. 
Block  CooZ.— Coal  that  breaks  in  large  rectangular  lumps. 
Blocking  Ovi.—{l)  Working  deep  leads  in  blocks;  somewhat  like  horizontal 

stoning.    (2)  (AustralianJ  Washing  gold  |?Tavel  in  sections. 
Block  £e^«.— Reefs  showing  frequent  contractions  longitudinally. 
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»o*   OYn.— Cast  tin. 

*€>lr^.ary. — A  forge  for  making  wrought  iron. 

yssom. — The  decomposed  outcrop,  float,  surface  stain,  or  any  Indicating 

t^races  of  a  coal  bed  or  mineral  deposit.    Blossom  Iiock.—(l)  Colored 

Areinstone  detached  from  an  outcrop.     (2)  The  rock  detached  fh>m 

a.    vein,  but  which  has  not  been  transported. 

tyi*^. — (1)  To  blast  with  gunpowder,  etc.    (2)  A  dam  or  stopping  is  said  to 

"blow  when  gas  escapes  through  it. 
r>ic7^r.— (1)  A  sudden  emission  or  outburst  of  gas  in  a  mine.    (2)  Any 
^xnission  of  gas  from  a  coal  seam  similar  to  that  from  an  ordinary  gas 
1c»\imer.    (3)  A  type  of  centrifugal  fan  used  largely  to  force  air  into 
ftirnaces.    (4)  A  blowdown  ventilating  fan. 
lo-u>  FYjm.—A  small  centrif\igal  fan  used  to  force  air  through  canvas  pipes 

or  -wooden  boxes  to  the  workmen. 
l4yxtyd,ovm  Fan.'-A  force  fan. 
lo'ho  In. — To  commence  a  smeltinsr  process. 
town-  Out  Shot.— A  shot  that  has  blown  out  the  tamping,  but  not  broken  the 

coal  or  rock. 
■lo-uf  Off.— To  let  off  excess  of  steam  fh)m  a  boiler. 
7oia   Out.—{l)  To  finish  a  smelting  campaign.     (2)   A  blown-out  shot 

(3)  The  decomposed  mineral  exposure  of  a  vein. 
tlo^vpipe.—An  instrument  for  creating  a  blast  whereby  the  heat  of  a  flame 

or  lamp  can  be  better  utilized. 
Hue  BUly.—Res^dMQ  of  copper  pyrites  after  roasting  with  salt. 
Hzte  CVip.— The  blue  halo  or  ignited  g&s  (firedamp  and  air)  on  the  top  of  the 

flame  in  a  safety  lamp,  in  an  explosive  mixture. 
Blue  Elvan  (Cornish).— Greenstone. 
^lue  Jb/i».— Fluorspar. 

Hlue  Lead.— A  blue-stained  stratum  of  gravel  of  great  extent  and  richness. 
mue  Metal.— A  local  term  for  shale  possessing  a  bluish  color. 
miLePe(ich  (Cornish).— A  slate-blue  fine-grained  schorl. 
Bluestone.—{l)  Sulphate  of  copper.  (2)  Lapis  lazuli.  (3)  Basalt.  (4)  Marvland, 
a  gray  gneiss;  in  Ohio,  a  eray  sandstone;  in  the  District  of  Columbia, 
a  mica  schist;  in  New  York,  a  blue-gray  sandstone;  in  Pennsylvania,  a 
blue-gray  sandstone.     (5)  A  popular  term  among  stone  men  not  suf- 
ficiently definite  to  be  or  value. 
ninff.—mMnt. 

Board.— A  wide  heading  usually  from  3  to  5  yd.  wide. 

Board-and-PiUar.—A  system  of  working  coal  where  the  first  stage  of  exca- 
vation is  accomplished  with  the  roof  sustained  by  pillars  of  coal  left 
between  the  breasts;  often  called  Breast-and-PiUar. 
Bob.— An  oscillating  bell-crank,  or  lever,  through  which  the  motion  of  an 
engine  is  transmitted  to  the  pump  rods  in  an  engine  or  pumping  pit. 
There  are  i  bobs,  L  bobs,  and  Y  bobs. 
Boca  or  BocaMina  (Mexican).— Mouth  or  mine  mouth.    This  is  the  name 
applied  to  the  principal  or  first  opening  of  a  minie,  or  to  the  one  where 
the  miners  are  accustomed  to  descend. 
Bochomo  (Mexican).— Excessive  heat,  with  want  of  ventilation,  so  that  the 

lights  go  out.    See  Vapores. 
Body.—(l)  An  ore  body,  or  pocket  of  mineral  deposit.    (2)  The  thickness  of 
a  lubricating  oil  or  other  liquid;   also  the  measure  of  that  thickness 
expressed  in  the  number  of  seconds  in  which  a  given  quantity  of  the 
oil  at  a  given  temperature  flows  through  a  given  aperture. 
Bog  Iron  Ore.— Loose  earthy  brown  hematite  recently  formed  in   swampy 

ground. 
Boleo  (Mexican).— A  dump  pile  for  waste  rock. 
BoHche  (Spanish).— Concentrating  bowl. 
BoUos  (Spanish).— Triangular  blocks  of  amalgam. 
Balsa  (Spanish).— Small  bunch  of  ore. 
Bonanza.— An  aggregation  of  rich  ore  in  a  mine. 

Bond.—{l)  The  arrangement  of  blocks  of  stone  or  brickwork  to  form  a  firm 
structure  by  a  judicious  overlapping  of  each  other  so  as  to  break  joint. 
(2)  An  agreement  for  hiring  men. 
Bone.— Slaty  coal  or  carbonaceous  shale  found  in  coal  seams. 
Bone  Aah.— Burnt  bones  pulverized  and  sifted. 
Bonnet.— {I)  The  overhead  cover  of  a  cage.    (2)  A  cover  for  the  gauze  of 

a  safety  lamp.    (3)  A  cap  piece  for  an  upright  timber,^  i 

Bonney  (Cornish )  .—An  isolated  body  of  ore.  y  Ln OOg  le 
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fonse.— Undressed  lead  ore. 

Booming.— Ground  sluicing  on  a  large  scale  by  emptying  the  contents  oi 

reservoir  at  once  on  material  collected  below,  thus  remoying  boulders. 
Bord  (English). —A  narrow  breast. 
Bordrand-PiUar  (English).— See  PiUar-and-Breast. 
Bord  JSoom.— The  space  excavated  in  driving  a  bord.    The  term  is  used  I 

connection  with  the  "ridding"  of  the  fallen  stone  in  old  bordswhi 

driving  roads  across  them  in  pillar  working;  thus,  "  ridding  across  t 

old  bord  room." 
Bord  Way9  Omrse.— The  direction  at  right  angles  to  the  main  clearni 

planes.    In  some  mining  districts,  it  is  termed  "on  face." 
Bore.— To  drill. 
Bore  Hole.— A  hole  made  with  a  drill,  auger,  or  other  tools,  in  coal,  rock. 

other  material. 
Borrctaca  (Mexican).— The  reverse  of  bonanza.    When  the  mine  has  a  vei 

but  no  ore,  it  is  said  to  be  *'  en  borrasca." 
Bort.—Amorphoua  dark  diamond. 

Bosh.— The  plane  in  a  blast  fUrnace  where  the  greatest  diameter  is  reached. 
B088  (English).— (1)  An  increase  of  the  diameter  at  any  part  of  the  shafi. 

(2)  A  person  m  charge  of  a  piece  of  work. 
Botas  (Mexican).— Buckets  made  of  an  entire  ox  skin,  to  take  out  water, 
^ofrvotcto/.— Grape-like  in  appearance. 

Bottle  Jack  (English).— An  appliance  for  lifting  heavy  weights. 
Bottom.— (1)  The  landing  at  the  bottom  of  the  shaft  or  slope.    (2)  The  lowest 

point  of  mining  operations.    (3)   The  floor,  bottom  rock,  or  stratum 

underlying  a  coal  bed.    (4)  In  alluvial,  the  bed  rock  or  reef. 
Bottomer,  Bottomman.— The  person  that  loads  the  cages  at  the  pit  bottom 

and  gives  the  signal  to  oank. 
Bottom  Joint.— Joint  or  bedding  plane,  horizontal  or  nearly  so. 
Bottom  I4fl.—{1)  The  deepest  colunm  of  a  pump.    (2)  The  lowest  or  deepest 

lift  or  level  of  a  mine. 
Bottom  PiUara.— Large  pillars  left  around  the  bottom  of  a  shaft. 
Bottoms.-Impnre  copper  alloy  below  the  matte  in  smelting. 
BotUderB.-Looee  rounded  masses  of  stone  detached  ttom  the  parent  rock. 
Bounds  (Cornish).— A  tract  of  tin  ground. 
Bout  (Derbyshire).— Twenty-four  dishes  of  lead  ore. 
Bow.— The  handle  of  a  kibble. 
Bowk.— An  iron  barrel  or  tub  used  for  hoisting  rock  and  other  debris  when 

sinking  a  shaft. 
Bowke  (Stafforddiire).— A  small  wooden  box  for  hauling  ironstone  under- 
ground. 
Boiol  Metal.— The  impure  antimony  obtained  from  doubling. 
Bowse  (Derbvshire).— Lead  ore  as  cut  from  the  lode. 
Box.— (I)  A  12^  to  14'  section  of  a  sluice.    (2)  A  mine  car. 
Box  Bill.— Tool  for  recovering  boring  rods. 

Boxing.— A  method  of  securing  shafts  solely  by  slabs  and  wooden  pegs. 
Brace.— (1)   An  inclined  beam,  bar,  or  strut  for  sustaining   compression 

or  tension.    See  Tie-Brace,  Sway-Brace.    (2)  A  platform  at  the  top  of  a 

shaft  on  which  miners  stand  to  work  the  tackle.    (3)  (Cornish)  Bmlding 

at  pit  mouth. 
Brace  Heads.— Wooden  handles  or  bars  for  raising  and  rotating  the  rods 

when  boring  a  deep  hole. 
5rai2C.— Charcoal  dust. 
Brake  SeiiK. — Hand  jig^r. 
Brances.— Iron  pyrites  in  coal. 
Branch,— Small  vein  shooting  off  from  main  lode. 
Brashy.— Short  and  tender. 

Brasque.—A  mixture  of  clay  and  coke  or  charcoal  used  for  fUmace  bottoms. 
Brass.— {I)  Iron  pyrites  in  coal.    (2)  An  alloy  of  copper  and  zinc. 
Brasses  (English).— Fitting  of  brass  in  plummer  blocks,  etc.,  for  diminishing 

the  friction  of  revolving  journals  that  rest  upon  them. 
Brat.— A  thin  bed  of  coal  mixed  with  pyrites  or  limestone. 
Brattice. — A  lining  or  partition. 

Brattice  Cloth.— Buciiing  or  canvas  used  for  making  a  brattice. 
Brazzil  (North  of  England).— Iron  pyrites  in  coal. 
Breaker.— In  anthracite  mining,  the  structure  in  which  the  coal  is  broken, 

sized,  and  cleaned  for  market.    Known  also  as  Coal  Breaker. 
Weaker  Boy.— A  boy  who  works  in  a  coal  breaker, 
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■MJuiaff. — ^The  lever  for  blowinsr  a  blacksmiths'  bellows,  or  for  working 
l3ore  rods  up  and  down. 

tJLkthTough,—K  narrow  passage  cut  through  a  pillar  connecting  rooms. 
CM^, — (1)  A  stall,  board,  or  room  in  which  coal  is  mined.  (2)  The  face  or 
^vrall  of  a  quarry  is  sometimes  called  by  this  name. 

cEst-arul'Piuar.—A  system  of  working  coal  by  boards  or  rooms  with  pillars 
of  coal  between  them. 
TCLsting  Ore.— The  ore  taken  ftom  the  face  or  end  of  the  tunnel. 
3CL8t  Wall  (English).— A  wall  built  to  prevent  the  falling  of  a  vertical  face 

cut  into  the  natural  soil. 
eccia. — A  rock  composed  of  angular  fragments  cemented  together. 
ceding  Fire.-'-Qee  Oob  Fire, 
ecae. — Pine  slack. 

eeze. — Small  coke,  probably  same  as  braize  or  braise. 
'cttvi  (Derbyshire).— A  timber  crib  filled  with  slack. 

-idge. — (1)  A  platform  on  wheels  running  on  rails  for  covering  the  mouth 

of  a  shaft  or  slope.    (2)  A  track  or  platform  passing  over  an  inclined 

haulageway  and  which  can  be  raised  out  of  the  way  of  ascending  and 

descending  cars.    (3)  An  air  crossing. 

ridle  Chains.— Short  chains  by  which  a  cage,  car,  or  gunboat  is  attached  to 

a  winding  rope;  of  use  in  case  the  rope  pulls  out  or  its  socket. 
riquets. — Fuel  made  of  slack  or  culm  and  pressed  into  brick  form. 
roachinq  BU.~A  tool  for  reopening  a  bore  hole  that  has  been  partially 

closed  by  swelling  of  the  walls. 
'rob. — A  spike  to  prevent  timber  slipping. 
^I'oil  (Cornish).- Traces  of  a  vein  in  loose  matter. 

troken. — A  district  of  coal  pillars  in  process  of  removal,  so  called  in  contra- 
distinction to  the  first  working  of  a  seam  by  bord-and-wall,  or  working 
in  the  '•  whole."    See  Whole  Working, 
iroken  OooZ.— Anthracite  coal  that  will  pass  through  a  mesh  or  bars  3i  to 

4i  in.,  and  over  a  mesh  2f  in.  square.    ( See  page  434. ) 
3ronce  (Mexican).— In  mining,  copper  or  iron  pyntes. 
Brooch  (Cornish).— Mixed  ores. 
BroocAinj/.— Smoothing. 

Brood  (Cornish).— Heavv  waste  from  tin  and  copper  ores. 
Brow. — An  underground  roadway  leading  to  a  working  place  driven  either 

to  the  rise  or  to  the  dip. 
Brown  CSoo^.— Lignite.    A  fliel  classed  between  peat  and  bituminous  coal. 
Brown  Spar.— Dolomite  containing  carbonate  of  iron. 
Brovm«U>ne.—{X)  Decomposed  iron  pyrites.    (2)  Brown  sandstone. 
J5roM;«e.— Imperfectly  smelted  ore  mixed  with  cinder  and  clay. 
Brujtda  (Mexicfin). — A  surveyors'  (or  marine)  magnetic  compass. 
Brush.— (l)  To  mix  air  with  the  gas  in  a  mine  working  by  swinging  a 
jacket,  etc.,  which  creates  a  current.    (2)  To  ''brush"  the  roof  of  an 
airway,  is  to  take  down  some  of  the  roof  slate,  to  increase  the  height 
or  headroom. 
Bryle  (Cornish).— Traces  of  a  vein  in  loose  matter. 
Bucket.— (1)  An  iron  or  wooden  receptacle  for  hoisting  ore,  or  for  raising 

rock  in  shaft  sinking.    (2)  The  top  valve  or  clack  of  a  pump. 
Bucket  Pump.— A  lifting  pump,  consisting  of  buckets  fastened  to  an  endless 

belt  or  chain. 
Bucket  Sword.— A  wrought-iron  rod  to  which  the  pump  bucket  is  attached. 
Bucket  Tree.- The  pipe  between  the  working  barrel  ana  the  wind  bore. 
fucJbin^.— Breaking  down  ore  with  a  very  broad  hammer,  ready  for  jigging. 
Bucking  Hammer.— An  Iron  disk,  provided  with  a  handle,  used  for  breaking 

up  minerals  by  hand. 
Buck  Qtwrte.— Hard  non-auriferous  quartz. 
Buck  Staff.— Uprights  for  bracing  reverberatory  ftimaces  together. 
Buckwheat.— Anthracite  coal  that  will  pass  through  a  mesh  i  in.  and  over  a 

mesh  i  in. 
Buddie.— An  inclined  table,  circular  or  oblong,  on  which  ore  is  concentrated. 
Buddiinfii.— Washing. 
Buggy.— A  small  mine  car. 

Bug  Hole.— A  small  cavity  usually  lined  with  crystals. 
Budding.— A  built-up  block  or  pillar  of  stone  or  coal  to  support  the  roof. 
Buitrm  (Spanish).— A  silver  furnace  of  peculiar  form. 
Bulkhead.— {I)  A  tight  partition  or  stopping.    (2)  The  end  of  a  flume  carry- 
ing water  for  hydraulicking.  ^^         i 
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BuUdog.^A  refractory  fUmace  lining  of  calcined  mill  cinder,  couti 

iron  and  silica. 
Bull  Engine.'-A  single,  direct-acting  pumping  engine,  the  pump  rods  I 

ing  a  continuation  of  the  piston  rod. 
BuUer  Shot— A  second  shot  put  in  close  to,  and  to  do  the  work  not  doneby.l 

a  blownout  shot,  loose  powder  being  used. 
BtiU.—An  iron  rod  used  in  rammins:  clay  to  line  a  shot  hole. 
BtiMTig.—IAninf;  a  shot  hole  with  clay. 
Bullion.— Uncoined  gold  and  silver. 
Bull  Pump.— A  single-acting  pumping  engine  in  which  the  steam  cylinder  is 

placed  oyer  the  shaft  or  slope  and  the  pump  rods  f^e  attached  airectlyto 

the  piston  rod.    The  steam  enters  below  the  piston  and  raises  ttie  pomp 

rods;  the  water  is  pumped  on  the  down  stroke  by  the  weight  of  the  rodi 
BuU  Pup.— A  worthless  claim. 
BuU  Wheel.— A  wheel  on  which  the  rope  carrying  the  boring  rod  is  coiled 

when  boring  by  steam  machinery. 
BuUy.—A  miners'  hammer. 

Bumpirig  Table.- A  concentrating  table  with  a  Jolting  motion. 
Bunch.— A  small  rich  deposit  of  ore.  I 

Bunding.— A  staging  in  a  level  for  carrying  debris. 
Bunkers.-Si^ijn  coal  consumed  on  board  ship. 
Bunney.—A  nest  of  ore  not  lying  in  a  regular  vein. 
J?unton«.~Timbers  placed  horizontally  across  a  shaft  or  slope  to  carry  the 

cage  guides,  pump  rods,  column  pipe,  etc.;  also,  to  strengthen  the  shaft 

timbering. 
Burden.— {1)  Earth  overlying  a  bed  of  useflil  mineral.    (2)  The  proportioii 

of  ore  and  flux  to  ftiel  in  the  charge  of  a  blast  ftimace. 
Burr. — Solid  rock. 
Burrow. — RefUse  heap. 

Buscones  (Spanish).— Prospectors,  fossickers,  tribute  worker^. 
Bv^h.—To  line  a  circular  hole  with  a  ring  of  metal,  to  prevent  the  hole  ftom 

wearing  out. 
BuU.—{l)  Coal  surface  exposed  at  right  angles  to  the  face;  the  '^endf"  of 

the  coal.    (2)  The  butt  of  a  slate  quarry  is  where  the  overlying  rock  i 

comes  in  contact  with  an  inclined  stratum  of  slate  rock. 
BuU  Entry.— A  gallery  driven  at  right  angles  with  the  butt  joint  ( see  page  285) . 
Butterfly  Valve.— A  circular  valve  that  revolves  on  an  axis  passing  through 

its  center. 
BvM  Heading.— ^Q  Butt  Entry. 
BvMon.—TYiQ  globule  of  metal,  the  result  of  an  assay. 
Bviton  Balance.— A  small  very  delicate  balance  used  for  weighing  assay 

buttons. 
Butty.— A  partner  in  a  contract  for  driving  or  mining;  a  comrade,  crony. 

Sometimes  called  "  Buddy." 
By  Level.- A  side  level  driven  for  some  unusual  but  necessary  purpose. 

Cab.— The  side  parts  of  a  lode,  nearest  the  walls,  which  are  generally  hard 

and  deficient  of  ore. 
Caballo  (Mexican).— A  "  horse  "  or  mass  of  barren  rock  in  a  vein. 
Cahezv£la  (Spanish).— Rich  gold  and  silver  concentrates. 
Cabin. — ( 1 )  A  miner's  house.    ( 2)  A  small  room  in  the  mine  for  the  use  of  the 

officials. 
Cable  Drilling. — Rope  drilling. 

Cage.— A  platform  on  which  mine  cars  are  raised  to  the  surface. 
Cage  Guides. — Vertical  rods  of  pine,  iron,  or  steel,  or  wire  rope,  fixed  in  a 

shaft,  between  which  cages  run,  and  whereby  they  are  prevented  from 

striking  one  another,  or  against  any  portion  of  the  shaft. 
Cafirer.— The  person  that  puts  the  cars  on  the  cage  at  the  bottom  of  the  shaft 
Cage  Sea«.— Scaffolding,  sometimes  fitted  with  strong  springs,  to  take  oflf  the 

shock,  and  on  which  the  cage  drops  when  reaching  the  pit  bottom. 
Cage  Sheets.— Short  props  or  catches  on  which  cages  stand  during  caging  or 

changing  oars. 
Caking  Coal.— Coal  that  agglomerates  on  the  grate. 
Ca^.— Wolfram. 

Cala  (Spanish).— Prospecting  pit. 
CoZcareows.— Containing  lime. 
Calcine.— To  heat  a  substance;  not  sufficiently  to  melt  it,  but  enough  to  drive 

off  the  volatile  contents.  C"  n,nLn]r> 
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talctnin^  Fvkmace.—A.  Aimace  used  for  roasUng  ore  in  order  to  drive  off 

certain  impurities. 
TcOiche  (Spanish).— Feldspar. 

Talifomia  Pump.— A  rude  pump  made  of  a  wooden  box  through  which  an 
endless  belt  with  floats  circulates;  used  for  pumping  water  trom  shallow 
ground. 
'Jolly 8  (ComiBh).— Stratified  rocks  traversed  by  lodes. 
'Jctm. — (1)  A  curved  arm  attached  to  a  revolving  shaft  for  raising  stamps. 

(2)  Carbonate  of  lime  and  fluorspar,  found  on  the  joints  of  lodes. 
0k%7nino  (Mexican).— Any  gallery,  winze,  or  shaft,  inside  of  a  mine  used  for 

general  transit. 
Okxmpaiffn.— The  length  of  time  a  ftirnace  remains  in  blast. 
Oaflada  (Mexican).— See  Barranca. 

(Janch,  or  Oaunche.—{l)  A  thickness  of  stone  required  to  be  removed  to  make 
height  or  to  improve  the  gradient  of  a  road.    If  above  a  seam,  it  is 
termed  a  "top  canch";  if  below,  a  "bottom  canch."    (2)  A  trend  with 
sloping  sides  and  very  narrow  bottom. 
Oancha  (Spanish).— Space  for  drying  slimes. 
Ckind  (Cornish).— Fluorspar. 
Oank  (Derbyshire).— Whinstone. 
Oanker. — ^The  ocherous  sediment  in  coal-pit  waters. 
Oanna  Coal.— See  Classification  of  Ctoals  (page  170). 
Oaflon  (Mexican).— A  level,  drift,  or  gallery  within  a  mine.     CaiUm  de 

Guta.—A  drift  along  the  vein. 
Cants  (English).— The  pieces  forming  the  ends  of  buckets  of  a  waterwheel. 
Cap. — (1)  A  piece  of  plank  placed  on  top  of  a  prop.    See,  also,  Collar.    (2) 
The  pale  Dluish  elongatiou  of  the  flame  of  a  lamp  caused  by  the  presence 
of  gas. 
Capdlina  (Mexican).— An  old-style  retort  for  retorting  silver  amalgam. 
Oapte  (Cornish).— Hard  rock  lining  tin  lodes. 
Cdp  Rock.— The  upper  rock  that  covers  the  bed  rock. 
Capstan.— A  vertical  axle  used  for  heavy  hoisting,  and  worked  by  horizontal 

arms  or  bars. 
Captain.— Comisih  name  for  manager  or  boss  of  a  mine. 
Car. — Any  car  used  for  the  conveyance  of  coal  along  the  gangways  or 

baulage  roads  of  a  mine. 
Carat. — A  weight  nearly  equal  to  4  grains. 

Carbon.— A  combustible  elementary  substance  forming  the  largest  compo- 
nent part  of  coal, 
^r&ono.— (1)  A  rich  bunch  of  ore  in  the  country  rock  connected  with  the 
lode  by  a  mere  thread  of  mineral.    (2)  ((Jomish)  An  irregular  deposit 
of  tin  ore. 
Oir&onaceotw.— Coaly,  containinjg:  carbon  or  coal. 
Carbonate.— Carbonic  acid  combfiied  with  a  base. 
Carbonates.-Le&d  ore.    The  oxide  and  carbonic-acid  compounds  of  lead; 

also  applied  to  lead  sulphate. 
Cbtrfton^eroiM.— Containing  or  carrying  coal. 
Carga  (Mexican).— A  charge.    A  mule  load,  generally  of  300  pounds,  but 

variable  in  different  parts  of  Mexico. 
Carriaae.—Qee  Cage  and  ^ope  Cage. 
Cartridge.— FtLper  or  waterproof  cylindrical  case  filled  with  gunpowder, 

forming  the  charge  for  blasting. 
Oascajo  (Mexican).— Gravel. 
Case.— A  fissure  admitting  water  into  a  mine. 
Ca^'Harden.— To  convert  the  outer  surface  of  wrought  iron  into  steel  by 

heating  it  while  in  contact  with  charcoal. 
Otwina.— Tubing  inserted  in  a  bore  hole  to  keep  out  water  or  to  protect  the 

siaes  from  collapsing. 
Cast  Iron.— Tig  iron  that  contains  carbon  (up  to  5^),  silicon,  sulphur,  phos- 
phorus, etc. 
Cata  (Spanish).- A  mine  denounced  but  not  worked. 
Catches.— {1)  Iron  levers  or  props  at  the  top  and  bottom  of  a  shaft.    (2)  Stops 

fitted  on  a  cage  to  prevent  cars  from  running  off. 
Catch  Pit.— A  reservoir  for  saving  tailings  from  reduction  works. 
Oanf  (North  of  England).— A  coal  bucket  or  basket. 
Ckiuldron  Bottoms.— The  fossil  remains  or  the  •'  casts"  of  the  trunks  of  sigil- 

laria  that  have  remained  vertical  above  or  below  the  seam. 
Ckiulk.— To  flJJ  .B^ms  or  joints  with  something  to  prevent  leaking. 
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Cawnier,  or  Cawnter  Lode  (Conii8h).~A  vein  mnning  obliquely  across  the 
regfular  veins  of  the  district. 

Cave,  or  Cave  In.^A  caving-in  of  the  roof  strata  of  a  mine,  sometiines extend- 
ing to  the  surface. 

CaviU.—hota  drawn  by  the  hewers  each  quarter  year  to  determine  their 
working  places. 

Cicit(;A;.~Baryta  sulphate. 

Cazeador  (Spanish).— Amalfi[amator. 

Cazo  (Mexican). 'A  yessel  for  hot  amalgamation.  Any  large  copper  or  iron 
vessel. 

Cebar  (Mexican).— (1)  To  melt  rich  ores,  or  lead  bullion,  etc.  in  a  smelting^ 
ftimace.  (2)  To  add  small  quantities  of  material,  from  time  to  time,  t4> 
the  melted  mass  within  a  fiirnace.  (3)  Generally,  to  feed  any  kind  of! 
metallurgical  machinery  or  process. 

Cement.— (I)  Auriferous  gravel  consolidated  together.  (2)  A  finely  divided 
metal  obtained  by  precipitation.    (3)  A  binding  material. 

Cementation.— The  process  or  converting  wrought  iron  into  steel  by  heating 
it  in  contact  with  charcoal,  or  of  treating  cast  iron  in  a  bed  of  hema- 
tite ore. 

Cendrada  (Mexican).— The  cupel  bottom  of  a  fUrnace. 

CendradiOa  (Mexican).— A  small  reverberaiory  ftimace  for  smelting  rich 
silver  ores  in  a  rough  way.    Also  called  Oaleme. 

Center.— X  temporary  support,  serving  at  the  same  time  as  a  guide  to  the 
masons,  placed  under  an  arch  during  the  progress  of  its  construction. 

Centrifuffol  Force.— A  force  drawing  away  from  the  center. 

Centripetal  Force.— A  force  drawing  toward  the  center. 

Cfl4.— Marsh  gas  (see  page  348). 

Chain.— A  measure  66  or  100  ft.  long,  divided  into  100  links. 

Chain-Brow  Way.— An  underground  inclined  plane  worked  on  the  endless- 
chain  system  of  haulage. 

Chain  Pillar.— A  pillar  left  to  protect  the  gangway  and  air-course,  and  nin- 
nlnj?  parallel  to  these  passives. 

Chain  Koad.~An  undergrouna  wagonway  worked  on  the  endless-chain 
system  of  haulage. 

(7/ia<r.— Sometimes  applied  to  keeps. 

Chamber. — See  Breast. 

Charco  ( Mexican )  .—A  pool  of  water. 

Charge.— (1)  The  amount  of  powder  or  other  explosive  used  in  one  blast  or 
snot.  (2)  The  amount  of^  flux  used  in  assaying.  (3)  The  material  fed 
into  a  ramace  at  one  time. 

Charguear  (Mexican).— To  dip  out  water  from  pools  within  the  mine, 
throwing  it  into  gutters  or  pipes  that  will  conduct  it  to  the  shaft. 

Chat8.—(1)  The  gravel-like  tailings  derived  ttom.  the  concentration  of  ores. 
(2)  A  low-grade  ore,  often  too  poor  to  handle;  the  refUse  firom  concen- 
tration works.    (3)  (North  of  England)  Small  pieces  of  stone  with  ore. 

Check- Battery. —A  battery  to  close  the  lower  part  of  a  chute,  acting  as  a 
check  to  the  flow  of  coal  and  as  an  air  stopping. 

Checker  CtooZ.- Anthracite  coal  that  seems  to  be  made  up  of  rectangular 
grains. 

Check'  Weighman.—A  man  appointed  and  paid  by  the  miners  to  check  the 
weighing  of  the  coal  at  the  surface. 

CAcc*.— Wall. 

Chert.— A  silicious  rock,  often  the  gangue  of  lead  and  zinc. 

Chestnut  CboZ.- Anthracite  coal  that  will  pass  through  a  mesh  1|  in.  square 
and  over  a  mesh  |  in.  square  (see  page  434). 

Chiflon  (Mexican).— A  narrow  drift  directed  obliquely  downwards.  Any 
pipe  from  which  issues  water  or  air  under  pressure,  or  at  high  velocity. 

Chile  Bars.-B&Ts  of  impure  copper,  weighing  about  200  lb.,  imported  fW)m 
Chile,  corresponding  to  the  Welsh  blister  copper,  containing  dS^t  Chi. 

Chilian  Mill.— A  roller  mill  for  crushing  ore. 

Chill  Hardening.— Giving  a  CTeater  hardness  to  the  outside  of  cast  iron  bv 
pouring  it  into  iron  molas,  which  causes  the  akin  of  the  casting  to  cool 
rapidly. 

Chimney.— {!)  An  ore  shoot.    (2)  A  fUmace  or  air  stack. 

Chinese  Pump.— Like  a  California  pump,  but  made  entirely  of  wood. 

Chock.— A  square  pillar  for  supporting  the  roof,  constructed  of  prop  timber 
laid  up  in  alternate  cross-layers,  in  log-cabin  style,  the  center  Deing  filled 
with  waste. 
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OAoftedami).— See  Blackdamp. 

Clkum  DnU.—A.  long  iron  bar  with  a  cuttinj?  end  of  steel,  used  in  Quarrying, 
and  worked  by  raising  and  letting  it  fall.    When  worked  by  blows  of  a 
hammer  or  sledge,  it  is  called  a  "  jumi)er." 
Chute  (also  spelled  Shute).—{\)  A  narrow  inclined  passage  in  a  mine,  down 
which  coal  or  ore  is  either  pushed  or  slides  by  gravity.    (2)  The  load- 
ing chute  of  a  tipple. 
Chuza  (Spanish).— A  catch  basin  for  mercury. 
Cieio  (Mexican.)— A  ceiline.    Trabajar  de  C^ieto.— Overhead  stoping. 
CHnnahar. — Mercury  and  sulphur. 

Cladc—A  valve  that  is  opened  and  closed  by  the  force  of  the  water. 

Clack  Door.— The  opening  into  the  valve  chamber  to  facilitate  repairs  and 
renewals  without  unseating  the  pump  or  breaking  the  connections. 

Clack  Piece.— The  casting  forming  the  valve  chamber. 

Clack  Seal.— The  receptacle  for  the  valve  to  rest  on. 

Cloggy  (North  of  England).— When  coal  is  tightly  joined  to  the  roof. 

Claim.— A.  portion  of  ground  staked  out  and  held  by  virtue  of  a  miner's 
right. 

Clanny.—A.  tyjje  of  safety  lamp  invented  by  Dr.  Clanny. 

Cto«<ic.— Constituted  of  rocks  or  minerals  that  are  fragments  derived  from 
other  rocks. 

Clay  Course.— A  clay  seam  or  gouge  found  at  the  sides  of  some  veins. 

Claying  Bar.— For  molding  clay  in  a  wet  bore  hole. 

Clay  Band.— Argillaceous  iron  ore;  common  in  many  coal  measures. 

Clean- 1^.— Collecting  the  product  of  a  period  of  work  with  battery  or  sluice. 

Clearance.— il)  The  aistance  between  tne  piston  at  the  end  of  its  stroke  and 
the  end  of  the  cylinder.  (2)  The  volume  or  entire  space  filled  with 
steam  at  end  of  a  stroke  including  the  space  between  piston  and 
cylinder  head,  and  the  steam  ducts  to  the  valve  seat. 

Cleai.—(1)  Vertical  cleavage  of  coal  seams,  irrespective  of  dip  or  strike^  (2) 
A  small  piece  of  wood  nailed  to  two  planks  to  keep  them  together,  or 
nailed  to  any  structure  to  make  a  support  for  something  else. 

Cleavage.— The  property  of  splitting  more  readily  in  some  directions  than  In 
others. 

Clinometer. — An  instrument  used  to  measure  the  angle  of  dip. 

Clod.— Soft  and  tough  shale  or  slate  forming  the  roof  or  floor  of  a  coal  seam. 

Closed  jSawon.— When  placers  cannot  be  worked. 

Clunch  (English).— Under  clay,  fireclay. 

Clutch. — An  arrangement  at  the  end  of  separate  shafts  by  means  of  which 
they  catch  into  each  other,  so  that  both  can  revolve  together. 

CoaZ  Breaker.— See  Breaker. 

Coal  Cutter.— A  machine  for  holing  or  undercutting  coal. 

Coal  Dust.— Very  finely  powdered  coal  suspended  m  the  airways  of  a  mine. 

Coal  Measures.— SiiK\A  of  coal  with  the  attendant  rocks. 

Coal  Pipes  (North  of  England ).— Very  thin  irregular  coal  beds. 

Coal  Road.— An  underground  roadway  or  heading  in  coal. 

Codl  Smut.— See  Blossom. 

Coaly  Rashings.—Sott  dark  shale,  in  small  pieces,  containing  much  carbona- 
ceous matter. 

Cbar«€  (C'oosc).— When  lode  stuff  is  not  rich,  the  ore  being  only  thinly  dis- 
seminated throughout  it. 

Coarse  Metal.— In  copper  smelting,  the  compound  containing  the  copper 
concentrated  in  it  after  the  first  smelting  to  get  rid  of  the  bulk  of  the 
gangue  in  the  ore. 

Coaster. — One  that  picks  ore  from  the  dump. 

Cob  (Cornish).— To  break  up  ore  for  sorting. 

CkMing  Hammer.— A  short  double-ended  hammer  for  breaking  minerals  to 
sizes. 

Ooftrc— Cuban  copper  ores. 

Cockermeg,  or  Coctera.- Timber  used  to  hold  coal  face  while  it  is  being 

undercut. 
Cockle  (Cornish).— Black  tourmaline,  often  mistaken  for  tin. 
God  (North  of  England).— The  bearing  of  an  axle. 
Cofer  (Derbyshire).— To  calk  a  shaft  by  ramming  clay  behind  the  lining. 
Co#er.— Mortar  box  of  a  battery. 
Coffer  Dam.— An  enclosure  built  in  the  water,  and  then  pumped  dry,  so  as  to 

permit  masonry  or  other  work  to  be  carried  on  inside  of  it. 
Coffin  (Cornish).— An  old  pit. 
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Qoo.-^A.  choclc. 

CoMte  (Mexican).— A  rocket;  applied  to  a  blast  within  a  mine  or  outside. 

QHl  Drdg.—K  tool  for  picking  pebbles,  etc.  ftom  drill  holes. 

Coke.— The  fixed  carbon  and  ash  of  coal  sintered  together. 

Colas  (Spanish)  .—Tailings  from  a  stamp  mill  or  any  wet  process. 

Collar.— {1)  A  flat  ring  surrounding  ansrthing  closely.    (2)  Collar  of  a  shaft 

is  the  nrst  wood  frame  of  a  shaft.    (3)  The  bar  or  crosspiece  of  a  fhiming 

in  entry  timbering. 
CoUiery.-Tlie  whole  plant,  including  the  mine  and  all  adjuncts. 
Colliery  framingfa  (English).— Telegraphic  messages  sent  from  8ignal-e>ervice 

stations  to  the  principal  colliery  centers  to  warn  managers  of  mines 

when  sudden  fiius  of  the  barometer  occur. 
Colorados  (Spanish).— Decomposed  ores  stained  with  iron. 
Oolores  (Mexican).— Metal-stained  ground  or  rocks. 
Colrake.—A  shovel  for  stirring  lead  ores  while  washing. 
Color.— Minute  traces  or  individual  specks  of  gold. 
Column,  or  Column  Pipe.— The  pipe  conveying  the  drainage  water  from  the 

mine  to  the  surface. 
Comer  ( Mexican )  .—To  eat.    Comerae  los  PUares.— To  take  out  the  last  vestiges 

of  mineral  from  the  sides  and  rock  pillars  of  a  mine. 
Cbnc^^oidc^.— Shell-like,  such  as  the  curved  fracture  of  flint. 
Otmcrete.— Artificial  stone,  formed  by  mixing  broken  stone,  gravel,  etc.  with 

lime,  cement,  tar,  or  other  binder.    When  hydraulic  cement  is  used 

instead  of  lime,  the  mixture  is  called  beton  (English). 
Concretion. — A  cemented  aggregation  of  one  or  more  kinds  of  minerals 

around  a  nucleus. 
Conduit.— (1)  A  covered  waterway.    (2)  An  airway. 
Conduit  Hole.— A  flat  hole  drilled  ibr  blasting  up  a  thin  piece  in  the  bottom 

of  a  level. 
Conductors  (Eiigllsh).— See  Ouides. 
Conformable.— ^T&tA  are  conformable  when  they  lie  one  over  the  other  with 

the  same  dip. 
Conglomerate.— The  rock  formation  underlying  the  Coal  Measures;  a  rock 

containing  or  consisting  of  pebbles,  or  of  fiuements  of  other  rocks 

cemented  together;  English  Pudding  Rock  or  millstone  grit. 
Conical  Drum.— The  rope  roll  or  drum  of  a  winding  engine,  constructed  in 

the  form  of  two  truncated  cones  placed  back  to  back,  the  outer  ends 

being  usually  the  smaller  in  diameter. 
Consumtdo  (Mexican).— The  amount  of  mercury  that  disappears  by  chem- 
ical combination  during  the  treatment  of  ore  by  any  amalgamation 

process. 
Oontac^.— Union  of  diflTerent  formations. 
Conta/it  Load  or  Vein.-A  vein  lying  between  two  differently  constituted 

rocks. 
Contour.— {1)  The  line  that  bounds  the  figure  of  an  object.    (2)  In  survey- 
ing, a  contour  line  is  a  line  ^very  point  of  which  is  at  an  equal  elevation. 
Con<ramina(  Mexican)  .—Countermine.    Any  communication  between  two 

or  more  mines.    Also,  a  tunnel  communicating  "with  a  shaft. 
Cope  (Derbyshire).— Lead  mining  on  contract. 
Cbpc,  or  Coup.— An  exchange  or  working  places  between  hewers. 
CopeliUa  (Spanish).— Zinc-blende. 
CopeUa  (Spanish).- Dry  amalgam. 
Copper  Plate.— A  sheet  of  copper  that,  when  coated  with  mercury,  is  used  in  ■ 

amalgamation. 
Corbond.— An  irregular  mass  from  a  lode. 
Cord.— A  cord  weighs  about  8  tons. 
Cores. — Cylinder-shaped  pieces  of  rock  produced  by  the  diamond-drill  system 

of  boring. 
Cor/.— A  mine  wagon  or  tub. 
Cornish  Pumps.— A  single-acting  pump,  in  which  the  motion  is  transmitted 

through  a  walking  beam;  m  other  respects  similar  to  a  Bull  Pump. 
Coro-Coro  (South  American).— Grains  of  native  copper  mixed  with  pyrlte, 

chalcopyrite,  mispickel,  etc. 
Cortar  Pillar  (Mexican).— To  form  a  rock  support  or  pillar  within  a  mine, 

at  the  ox)ening  of  a  cross-cut  or  elsewhere. 
Cortar  Sogas  (Mexican).— Literally,  to  cut  the  ropes.    To  abandon  the  mine, 

taking  away  everything  useftil  or  movable. 
Corve.-A  mining  wagon  or  tub.  ^  i 
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<yo8tean  (Cornish).— To  prospect  a  lode   bv  sinking  pits  on  its  supposed 

course. 
Cdsteaning.— Trenching  for  a  lode. 
Ck>8t  Book  (Cornish).— Mining  accounts. 

GotUm  Uocfc.— (1)  Decomposed  chert.    (2)  A  variety  of  earthy  limestone. 
Coulee.— {!)  A  soUfied  stream  or  sheet  of  lava  extending  down  a  volcano, 
often  forming  a  ridge  or  spur.    (2)  A  deep  gulch  or  water  channel, 
usually  dry. 

Counter.— {1)  A  cross-vein.  (2)  (English)  An  apparatus  for  recording  the 
number  of  strokes  made  by  the  Cornish  pumping  engine.  (3)  A  second- 
ary haulage  wav  in  a  coal  mine. 

CourUerchute.—A  cnute  down  which  coal  is  dumped  to  a  lower  level  or 
gangway. 

Countergangway.—A  level  or  gangway  driven  at  a  higher  level  than  the 
main  one. 

Country.— The  formation  traversed  by  a  lode. 

OourUry  Sock.— The  main  rock  of  the  region  through  which  the  veins  cut, 
or  that  surrounding  the  veins. 

Course.— The  direction  of  a  line  in  regard  to  the  points  of  compass. 

Cdursing  or  Coursing  the  ^ir.— Conducting  it  through  the  different  xx>rtions 
of  a  mine  by  means  of  doors,  stoppings,  and  brattices. 

Cow.— A  self-acting  brake. 

(>2/o(in^.— Irregular  mining  by  small  pits. 

CVa5.— A  variety  of  windlass  or  capstan  consisting  of  a  short  shaft  or  axle, 
either  horizontal  or  vertical,  which  serves  as  a  rope  drum  for  raising 
weights;  it  may  be  worked  by  a  winch  or  handspikes. 

Crab  Holes.— Boles  often  met  with  in  the  bed  rock  of  alluvial.  Also  depres- 
sions on  the  surface  owing  to  unequal  disintegration  of  the  underlying 
rock. 

Cradle.— A  box  with  a  sieve  mounted  on  rockers  for  washing  auriferous 
alluvial. 

Cradle  Dump.— A  rocking  tipple  for  dumping  cars.    See  Dump. 

Cramp  (English).— (1)  A  short  bar  of  metal  having  its  two  ends  bent  down- 
wards at  right  angles  for  insertion  into  two  adjoining  pieces  of  stone, 
wood,  etc.  to  hold  them  together.    (2)  A  pillar  left  for  support  in  a  mine. 

CroncA.— Part  of  a  vein  left  by  previous  workers. 

Crane  (English).— A  hoisting  machine  consisting  of  a  revolving  vertical 
post  or  stalk,  a  projecting  jib,  and  a  stay  for  sustaining  the  outer  end  of 
the  lib;  these  oo  not  change  their  relative  positions  as  they  do  in  a 
derrick.    There  is  also  a  rope  drum  with  winding  rope,  etc. 

Creoac  (Cornish ).—(l)  Tin  ore  collected  in  the  middle  of  tne  huddle.  (2)  The 
middle  of  a  buddle. 

Creep.— The  gradual  upheaval  of  the  floor  or  sagging  of  the  roof  of  mine 
workings  due  to  the  weighting  action  of  the  roof  and  a  tender  floor. 

Creston  (Mexican).— The  outcrop  or  apex  of  a  vein  or  mineral  deposit. 

Crevice.— A  fissure. 

Crmein^.— Picking  out  the  gold  caught  in  cracks  and  crevices  in  the  rocks 
over  which  it  has  been  washed. 


Criadero  (Mexican).— (1)  A  mineral  deposit  of  irregular  form,  not  vein-like. 
(2)  A  chamber  in  a  vein  filled  with  ore  of  more  or  less  richness.  (3)  Any 
mineral  deposit.  This  latter  is  the  more  modern  sense,  and  the  word  is 
so  used  in  the  mining  laws  at  present  in  force  in  Mexico. 

Crib.—(1)  A  structure  composed  of  horizontal  timbers  laid  on  one  another, 
or  a  framework  built  like  a  log  cabin.  See  Chock.  (2)  A  miner's  lunch- 
eon.   (3)  See  Curb. 

Cribbing.— Close  timbering,  as  the  lining  of  a  shaft,  or  the  construction  of 
cribs  of  timber,  or  timber  and  earth  or  rock  to  support  a  roof. 

Cribble     a  glAve 

Crisol  (Mexican).— A  crucible  of  any  kind. 

Crop.— See  Outcrop. 

Crop  FaU.—A  caving  in  of  the  surface  at  or  near  the  outcrop  of  a  bed  of  coal. 

Cropping  CocU.— The  leaving  of  a  small  thickness  of  C(mi1  at  the  bottom  of  the 
seam  in  a  working  place,  usually  in  order  to  keep  back  water.  The  coal 
so  left  is  termed  "  cropper  Coal.'* 

Croppin^a.— Portions  of  a  vein  as  seen  exposed  at  the  surface. 

Cropping  Om<.— Appearing  at  the  surface;  outcropping. 

Oross-Course.—A  vein  lying  more  or  less  at  right  angles  to  the  regular  vein  of 
the  district.  ^  ^ 
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Cros8Cfa.—{l)  A  tunnel  driven  through  or  across  the  measures  from  one 
seam  to  another.    (2)  A  small  passageway  driven  at  right  angles  to  the 


main  gangway  to  connect  it  with  a  parallel  gangway  or  air-course. 
Crosses  and  Holes  (Derbyshire).— Made  in  the  ground  by  the  discoverer  of  a 

lode  to  temporarily  secure  possession. 
Cross-Heading.—A  passage  driven  for  ventilation  from  the  airway  to  the  gang- 

wayi  or  from  one  breast  through  the  pillar  to  the  adjoining  working. 
Cross-Heading,  or  Cross-Gateway.— A  toad  kept  through  goaf  and  cutting  off 

the  gateways  at  right  angles  or  diagonally. 
Cross-Hole. — ^See  Crosscut  (2). 
Cross-Latcfies.—8ee  Latches. 

Cross-Spur. ^A  vein  of  quartz  that  crosses  the  reef. 
Cross-  Vein.— An  intersecting  vein. 
Crouan  (Cornish).— Granite. 

Crowbar.— A  strong  iron  bar  with  a  slightly  curved  and  flattened  end. 
Crowfoot.— A  tool  for  drawing  broken  boring  rods. 
Crown  Tree.— A  piece  of  timber  set  on  props  to  supjwrt  the  roof. 
Crucero  (Mexican).— A  crosscut  for  ventilation  to  get  around  a  horse,  or  to 

prospect  for  the  vein. 
Crucible.— {1)  The  bottom  of  a  cupola  ftimace  in  which  the  molten  materials 

collect.    (2)  Pots  for  smelting  assays  in. 
Crush.—See  Squeeze,  Thrust. 

Crusher.— A  machine  used  for  crushing  ores  and  rock. 
Crushing.— Reduction  of  mineral  in  size  bv  machinery. 
Crystal.— A  solid  of  definite  geometrical  form,  which  mineral  (or  sometimes 

organic)  matter  has  assumed. 
CWm.— Anthracite-coal  dirt. 
Culm  Bank,  or  Culm  Dump.— Heaps  of  culm  now  generally  kept  separate 

from  the  rock  and  slate  dumps. 
Cufla  (Mexican).— Literally,  a  wedge.    A  short  drill  or  picker  generally 

known  in  the  United  States  as  a  "gad." 
Cupel.- A  cup  made  of  bone  ash  for  absorbing  litharge. 
Curb.—{1)  A  timber  frame  intended  as  a  support  or  foundation  for  the  lining 

of  a  shaft.    (2)  The  heavy  frame  or  sill  at  the  top  of  a  shaft. 
Curbing.— The  wooden  lining  of  a  shaft. 

Cut.—{1)  To  strike  or  reach  a  vein.    (2)  To  excavate  in  the  side  of  a  hill. 
Cutter.— A  term  employed  in  speaking  of  any  coal-cutting  or  rock-cutting 

machines;  the  men  operating  them,  or  the  men  engaged  in  underholing 

by  pick  or  drill. 
Cutting  Down.— To  cut  down  a  shaft  is  to  increase  its  sectional  area. 

Dam.— A  timber  bulkhead,  or  a  masonry  or  brick  stopping  built  to  prevent 
the  water  in  old  workings  from  flooding  other  workings,  or  to  confine 
the  water  in  a  mine  flooded  to  drown  out  a  mine  fire. 

Z>ami>.— Mine  gases  and  gaseous  mixtures  are  called  damps.  See  also  After- 
damp, Blackdamp,  Firedamp,  Stinkdamp. 

Dan  (North  of  England).— A  truck  without  wheels. 

Danger  Board.— See  Fireboard. 

Dant  (North  of  England).— Soft  inferior  coal. 

Daium  Water  Level.— The  level  at  which  water  is  first  struck  in  a  shaft 
sunk  on  a  reef  or  gutter. 

Davy.— A  safety  lamp  invented  by  Sir  Humphrey  Davy. 

Day.— Light  seen  at  the  top  of  a  shaft. 

Day  FdU.—See  Crop  Fall. 

Day  Shift.— The  relay  of  men  working  in  the  daytime. 

Dead.— The  air  of  a  mine  is  said  to  be  dead  or  heavy  when  it  contains  car- 
bonic-acid gas,  or  when  the  ventilation  is  sluggish. 

Dead.— (1)  Unproductive.    (2)  Unventilated. 

Dead  ifen^s  Graves  (Australian).— Grave-like  mounds  in  the  basalt  under- 
lying auriferous  gravels. 

Dead  Qwarte.— Quartz  carrying  no  mineral. 

Dead  JWc^es.- Lead  carrying  much  bullion. 

2>cad  Roast.— To  completely  drive  off"  all  volatile  substances. 

Dcad«.— Waste  or  rubbish  from  a  mine. 

Dead  TTorA.- Exploratory  or  prospecting  work  that  is  not  directly  productive. 
Bmshing  roof,  lifting  bottom,  cleanmg  up  falls,  blowing  rock,  etc. 
in  (Comish).-^The  end  of  a  level. 
►n«.— Fragments  from  any  kind  of  disintegration.  o 
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T>&ep  (English).—**  To  the  deep,"  toward  the  lower  portion  of  a  mine;  hence, 

the  lower  workings. 
J^^Jta.—A.  triangularly  shaped  piece  of  alluvial  land  at  the  mouth  of  the 

river. 
T>cvna8ia  (Mexican).— A  piece  of  unoccupied  ground  between  two  mining 

concessions. 
jy^nudation. — ^The  laying  bare  by  water  or  other  agency. 
J>e»ittncto  (Mexican).— Denouncement.    The  act  of  applying  for  a  mining 

concession  under  the  old  mining  laws. 
I>cpo9it.^'{\)  Irregular  ore  bodies  not  veins.    (2)  A  bed  or  any  sedimentary 

formation. 
TPcpuiy  (English).— Q)  A  man  who  fixes  and  withdraws  the  timber  sup- 
porting the  rooi  of  a  mine,  and  attends  to  the  safety  of  the  roof  and 
sides,  builds  stoppings,  puts  up  bratticing,  and  looks  after  the  safety  of 
the  hewers,  etc.    (2)  An  underground  official  who  sees  to  the  general 
safetv  of  a  certain  number  of  stalls  or  of  a  district,  but  does  not  set 
the  timber  himself,  although  he  has  to  see  that  it  is  properly  and  suffi- 
ciently done.    (3)  (American)  A  deputy  sheriff. 
Derrick. — (1)  A  crane  in  which  the  rope  or  chain  forming  the  stay  can  be 
let  out  or  hauled  in  at  pleasure,  thus  altering  the  inclination  of  the  jib. 
(2)  The  structure  erected  to  sink  a  drill  hole  and  the  framework  above 
shafts  are  sometimes  called  by  this  name. 
Derrumbe,  or  Derrumbamineto  (Mexican).— The  caving  in  of  the  whole  or  a 

portion  of  a  mine. 
I>esaguaAior  (Spanish).— A  water  pipe  or  drain. 
I>esague  (Mexican).— Drainage  of  a  mine  by  any  means. 
Descargar  (Mexican).— Literally,  "to  unload."    Deacargar  un  Homo.— To 

tear  down  a  furnace. 
X>esctii>ridora  (Mexican).— The"  first  mine  opened  in  a  new  district  or  on  a 

new  mineral  deposit. 
I>e9echo  (Spanish).— Foul  red  mercury. 

De^rute  (Mexican).— Taking  out  ore.    Obrcw  de  De^rtite.- Stopes,  etc. 
I>€sm€yntar  (Mexican).— Literally,  to  clear  away  underbrush.    In  mining,  to 

take  away  useless  and  barren  rocks;  to  remove  rubbish. 
jyesmontes  (Spanish).- Poor  ores. 
Despensa  (Mexican^.— (1)  A  pantry  or  storeroom.    (2)  A  secure  room  to  lock 

up  rich  ore. 
Despoblado  (Spanish).— Ore  with  much  gangue. 
Despoblar  (Mexican).— To  suspend  work  in  a  mine. 
Dessue  (Cornish).— To  cut  away  the  ground  beside  a  thin  vein  so  as  to 

remove  the  latter  whole. 
Destajo  (Mexican).— (1)  A  contract  to  do  any  kind  of  work  in  or  about  a 
mine  or  elsewhere  for  a  fixed  price.    (2)  Piece  work,  as  distinguished 
f^m  time  work.    Destajero.—A  contractor  for  piece  work. 
DetacMng  Hook.— A  self-acting  mechanical  contrivance  for  setting  free  a 
-winding  rope  from  a  cage  when  the  latter  is  raised  beyond  a  certain 
point  in  the  head-gear;   the  rope  being  released,  the  cage  remains 
suspended  in  the  frame. 
DeviVs  Dice— Cubes  of  limonite,  pseudomorphs  after  pyrites. 
Diagonal  Jbtnte.— Joints  diagonal  to  the  strike  of  the  cleavage. 
DicH  (English).— An  instrument  similar  to  a  surveyor's  compass,  with 

vernier  attached. 
i>iaZtn.9— Surveying. 
Di«.— The  bottom  iron  block  of  a  battery,  or  grinding  pan  on  which  the 

shoe  acts. 
Digging. — Mining  operations  in  coal  or  other  minerals. 
Diggings.— ^here  gold  and  other  minerals  are  dug  out  from  shallow 

alluvials. 
IWfcc— See  also  Dyke. 
DiUies,  or  G^'nncy*.— Short  self-acting  inclines  where  one  or  two  tubs  at  a 

time  are  run. 
Dittneing  (Cornish).— Dressing  tin  slimes  in  a  fine  sieve. 
Dip.— (1)  To  slope  downwards.    (2)  The  inclination  of  strata  with  a  hori- 
zontal plane.    (3)  The  lower  workings  of  a  mine. 
Dip  J(M«<.— Vertical  joints  about  parallel  to  the  direction  of  the  cleavage  dip. 
Diypa  (Cornish).— A  small  catch-water  pit. 

Dijming  Needle.— A  magnetic  needle  suspended  in   a<-vertical   plane;    for 
locating  iron  deposits.  Digitized  by  LnOOgle 
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Dirt  FauU.^A  confUsioii  in  a  seam  of  coal,  the  top  and  bottom  of  the  seaM.  ^T 

being  well  defined,  bat  the  body  of  the  vein  being  soft  and  dirty.  '1 

Dish  (Cornish).— An  ore  measure;  in  lead  mines,  a  trough  28  in.  long,  4  !&.    i 

deep,  and  6  in.  broad;  sometimes  1  gallon,  sometimes  14  to  16  pints. 
Dinn^^fTro^ton.— Separation  by  mechanical  means,  not  bv  decomposition.  [ 

Ditch.— (!)  The  drainage  gutter  in  a  mine.    (2)  A  drainage  gutter  on  the    * 

surface.    (3)   An  open  conveyor  of  water  for  hydraulic  or  irrigatioii 

purposes. 
Divide.— The  top  of  a  ridge,  hill,  or  mountain. 
Dividing  SUUe.— A  stratum  of  slate  separating  two  benches  of  coal.     See 

Parting. 
Divining,  or  Dowsi'ng,  Rod.— A  small  forked  hazel  twig  that,  when  held 

loosely  in  the  hands,  is  supposed  to  dip  downwards  when  passing  oyer 

water  or  metallic  minerals. 
Dizsue  (Ctomish).— See  Deasue. 
Dog.—il)  An  iron  bar,  spiked  at  the  ends,  with  which  timbers  are  hetld 

together  or  steadied.    (2)  A  short  heavy  iron  bar,  used  as  a  drag  behind 

a  car  or  trip  of  cars  when  ascending  a  slope  to  prevent  their  running 

back  down  the  slope  in  case  of  accident.    See  Drag. 
Dog  Hole.— A  little  opening  from  one  place  in  a  mine  to  another,  smaller 

than  a  breakthrough. 
Dog  Iron.— A  short  bar  of  iron  with  both  ends  pointed  and  bent  down  so  as 

to  hold  together  two  pieces  of  wood  into  which  the  points  are  driyen. 

Or  one  end  may  be  bent  down  and  pointed,  while  the  other  is  formed 

into  an  eye,  so  that  if  the  point  be  driven  into  a  log,  the  other  end  may 

be  used  to  haul  on. 
Doles.— Qmsll  piles  of  assorted  or  concentrated  ore. 
DoUy.—{l)  A  machine  for  breaking  up  minerals,  being  a  rough  pestle  and 

mortar,  the  former  being  attached  to  a  spring  pole  by  a  rope.    (2)  A 

tool  used  to  sharpen  drills. 
Dolly  Tub  (Cornish).— A  tub  in  which  ore  Is  washed,  being  agitated  by  a 

dolly  or  perforated  boards. 
Donk  (North  of  England). —Soft  mineral  found  in  cross- veins. 
Donkey  Engine  (English).— (1)  A  small  steam  engine  attached  to  a  large  one, 

and  fed  Srom.  the  same  boiler;  used  for  pumping  water  into '  the  Doiler. 

(2)  A  small  steam  engine.  I 

Door  Piece  (English).— The  portion  of  a  lift  of  pumps  in  which  the  clack  or     i 

valve  is  situated. 
Doors.— Wooden  doors  in  underground  roads  or  airways  to  deflect  the  air-     / 

current.  \ 

Door  Tender.— A  boy  whose  duty  it  is  to  open  and  close  a  mine  door  before 

and  after  the  passage  of  a  train  of  mine  cars. 
Dope.— An  absorbent  for  holding  a  thick  liquid.    The  material  that  absorbs 

the  nitroglycerine  in  explosives. 
Dovible  Shift. — When  there  are  two  sets  of  men  at  work,  one  set  relieving  the 

other. 
Dotible  Tape  Fuse.—Fneie  of  superior  quality  r  or  having  a  heavier  and  stronger 

covering. 
Double  Timber.— Two  props  with  a  bar  placed  across  the  tops  of  them  to  sup- 
port the  roof  and  sides. 
Downcast.— The  opening  through  which  the  fresh  air  is  drawn  or  forced  into 

the  mine;  the  intake. 
Dradge  (Cornish).— (1)  Inferior  ore  separated  ft«m  the  prill.    (2)  Pulverized 

refuse.  ' 

Draftage.—A  deduction  made  from  the  gross  weight  of  ore  when  transported. 

to  allow  for  loss. 
Drag.— {I)  The  frictional  resistance  offered  to  a  current  of  air  in  a  mine. 

(2)  See  Dog. 
Draw.— {I)  To  "draw"  the  pillars;  robbing  the  pillars  after  the  breasts  are 

exhausted.    (2)  An  effect  of  creep  upon  the  pillars  of  a  mine.  I 

Draw  a  Charge.— To  take  a  charge  from  a  ftirnace.  I 

Drawlift.—A  pump  that  receives  its  water  by  suction  and  will  not  force  it 

above  its  head. 
Draw-Hole.— An  aperture  in  a  battery  through  which  the  coal  is  drawn. 
Drawing  an  Entry.— Removing  the  last  of  the  coal  from  an  entry. 
Drawn.— The  condition  in  which  an  entry  or  room  is  left  after  all  the  coal 

has  been  removed.    See  Robbed. 

mr  (8taffor<lehiTe).-A  large  coal  pick.  o„,^,,GoOgIe 
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rPresnng. — Preparing  poor  or  mixed  ores  mechanically  for  metallurgical 

operations. 
r>re88iwj  Floors.^The  floors  or  places  where  ores  are  dressed. 
!>rifl. — (1)  A  horizontal  passage  underground.    A  drift  follows  the  vein,  as 
,    distinguished  firom  a  crosscut,  which  intersects  it,  or  a  level  or  gallery, 
which  may  do  either.    (2)  In  coal  mining,  a  gangway  above  water 
level,  driven  fh)m  the  surface  in  the  seam.    (3)  Unstratilied  diluvium. 
Chifting. — Winning  pay  dirt  from  the  ground  by  means  of  drives. 
r>nll. — An  instrument  used  in  boring  holes. 
Drive  {Drift).  A  horizontal  passage  m  a  lode. 
Drive.— To  cut  an  opening  through  strata. 
Driving. — ^Excavating  horizontal  passages,  in  contradistinction  to  sinking  or 

raiMng. 
Driving  on  Line.— Keeping  a  heading  or  breast  accurately  on  a  given  course 

by  means  of  a  compass  or  transit. 
Dropper.— {!)  A  spur  dropping  into  the  lode.    (2)  A  feeder.    (3)  A  branch 
leaving  the  vein  on  the  footwall  side.  (4)  Water  dropping  from  the  roof. 
Drop  8h€^.—A  monkey  shaft  down  which  earth  and  other  matter  are  lowered 
by  means  of  a  drop  (i.  e.,  a  kind  of  pullev  with  break  attached);  the 
empty  bucket  is  brought  up  as  the  fiill  one  is  lowered. 
Dni^flwiJStafTordshire).— A  vessel  for  carrying  fresh  water  into  a  mine. 
Drum.— The  cylinder  or  pulley  on  which  the  winding  ropes  are  coiled  or 

wound. 
Drum  Rings.— Ca^-iron  rings  with  proiections  to  which  are  bolted  the 

laggings  forming  the  surface  for  the  ropes  to  lap  on. 
2>rummy.— Sounding  loose,  open,  shaky,  or  dangerous  when  tested. 
Druse.— A  hollow  cavity  lined  with  small  crystals. 
Dry  AmeUgamcaion.—Treathig  ores  with  hot,  dry  mercury. 
Dry  Digging8.—PltMeT8  never  subject  to  overflow. 
Dry  Ore.— Argentiferous  ores  that  do  not  contain  enough  lead  for  smelting 

DurDoses. 
Duck  Afachine.— An  arrangement  of  two  boxes,  one  working  within  the 

other,  for  forcing  air  into  mines. 
Dudaa  (Mexican).— Staves  of  a  barrel  or  cask,  etc. 
i>ui»6'd.— Choked,  of  a  sieve  or  grating. 

Dumb  Drift.— A  short  tunnel  or  passage  connecting  the  main  return  airways 
of  a  xnine  with  the  upca49l;  shaft  some  distance  aoove  the  fUmace,  in  order 
to  prevent  the  return  air  laden  with  mine  gases  from  passing  through  or 
over  the  ventilating  flirnace. 
Dump.— (1)  A  pile  or  heap  of  ore,  coal,  culm,  slate,  or  rock.  (2)  The  tipple 
by  which  the  cars  are  dumped.  (3)  To  unload  a  car  by  tipping  it  up. 
(4)  The  pile  of  mullock  as  discharged  from  a  mine. 
Dumper.— A  car  so  constructed  that  the  body  may  be  revolved  to  dump  the 

material  in  front  or  on  either  side  of  the  track. 
Dum  (Cornish).— A  timber  frame. 
Durr  (German).— Barren  ground. 
Dust.— See  Coal  Dust. 
Dust  GoW.— Pieces  under  2  to  3  dwt. 

Duty.— The  unit  of  measure  of  the  work  of  a  pumping  engine  expressed  in 
foot-pounds  of  work  obtained  frt>m  a  bushel,  or  100  lb.,  or  other  unit  of 
Aiel. 
Dyke,  or  Dike.—{1)  A  wall  of  igneous  rock  passing  through  strata,  with  or 
without  accompanying  dislocation  of  the  strata.  (2)  A  fissure  filled  with 
igneous  matter.  (3)  Barren  rock. 
Dzhu  (Cornish).— See  Dessue. 

Ear.— The  inlet  or  intake  of  a  fan. 

Echadero  (Mexican).— A  level  place  near  a  mine  where  ore  is  cleaned,  piled, 

weighed,  and  loaded  on  mules  or  other  conveyance.    Also  called  patio  of 

the  mine. 
Echado  (Mexican).— The  dip  of  the  vein. 
Edge  Coals  (English).— Highly  inclined  seams  of  coal,  or  those  having  a  dip 

greater  thiEin  3KP. 
f^/Ioresoence.- An  incrustation  by  a  secondary  mineral,  due  to  loss  of  water 

of  crystallization. 
i  (Wales).— Copper. 
OmiZ.— Anthracite  coal  that  will  pass  through  a  2i"  square  mesh  and 

over  a  2"  square  mesh  (see  page  434) .  ^^.^.^^^  ^^ Google 
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Elbow.— A  sharp  bend,  as  in  a  lode  or  pipe. 

Electric  ifto^^— Instantaneous  blasting  of  rock  by  means  of  electricity. 

ElevcUor  Pump.— An  endless  band  with  buckets  attached,  running  over  two 

drums  for  draining  shallow  ground. 
Elvan.—A  Cornish  name  applied  to  most  dike  rocks  of  that  county,  irre- 
spective of  the  mineral  constitution,  but  in  the  present  day  restricted 

to  quartz  porphyries. 
Embtyrrtucarse  (Mexican).— To  go  barren  by  the  vein  terminating  or  pinching 

out,  etc. 
Empties. — Empty  mine  or  railroad  cars. 
Encino  (Mexican).— Live  oak. 
End  Joint  (End  Cleat).— A  joint  or  cleat  in  a  seam  about  at  right  angles  to 

the  principal  or  face  cleats. 
Endless  Chain.— A  system  of  haulage  or  pumping  by  the  moving  of  an 

endless  chain. 
Endless  Rope.— A  system  of  haulage  same  as  endless  chain,  except  that  a 

wire  rope  is  used  instead  of  cnain. 
End,  or  End-On.— WoT^ng  a  seam  of  coal  at  right  angles  to  the  principal 

or  face  cleats. 
Engine  Plane.— An  incline  up  which  loaded  cars  are  drawn  by  a  rope 

operated  by  an  engine  located  at  the  top  or  bottom  of  the  incline.    The 

empty  cars  descend  by  gravity,  pulling  tne  rope  after  them. 
Engineer.— (1)  One  who  has  charge  of  the  surveying  or  machinery  about  a 

mine.    (2)  One  who  runs  an  engine. 
Ensayes  (Mexican).— Assays. 

Entibar  (Mexican).— To  timber  a  mine  or  any  part  thereof. 
Entry.— A  main  haulage  road,  gangway,  or  airway.  An  underground  passage 

used  for  haulage  or  ventilation,  or  as  a  man  way. 
Entry  S<ttmj»«.— Pillars  of  coal  left  in  the  mouths  of  abandoned  rooms  to 

support  the  road,  entry,  or  gan^ay  till  the  entry  pillars  are  drawn. 
Erosion.— The  wearing  away  ofrocKS  by  rains,  etc. 
Escaleras  (Mexican).— Ladders,  generally  made  of  notched  sticks. 
Escarpment.— A  nearly  vertical  natural  face  of  rock  or  soil. 
Escona  ( Mexican)  .—Slag  or  cinders. 
Escorial.—S\a.g  pile. 

Escoriflcador  (Mexican).— A  scorifier,  in  assaving. 

Espefuelo  (Mexican).— A  mineral  gangue,  with  a  faintly  reflecting  surface. 
E»pet(m  (Mexican).— The  tapping  bar  of  a  smelting  fUrnace. 
Estano  (Spanish).— Tin. 

Estrujon  (Mexican).— A  second  collection  of  amalgam,  generally  very  pasty. 
Exploder.— A  chemical  employed  for  the  instantaneous  explosion  of  powder. 
ExpUntaMon.—The  working  of  a  mine,  and  similar  undertakings;  the  exami- 
nation instituted  for  tnat  purpose. 
J5a5)/oration.— Development. 
jBaiptoaion.- Sudden  ignition  of  a  body  of  firedamp. 
Eye  (English).— (1)  A  circular  hole  in  a  bar  for  receiving  a  pin  and  for 

other  purposes.    (2)  The  eye  of  a  shaft  is  the  very  beginning  of  a  pit. 

(3)  The  eye  of  a  fan  is  the  central  or  intake  opening. 

Face.— (1)  The  place  at  which  the  material  is  actually  being  worked,  either 

in  a  breast  or  heading  or  in  longwall.    (2)  The  end  of  a  drift  or  tunnel. 
Face-On.— When  the  face  of  the  breast  or  entry  is  parallel  to  the  fiewje  cleats 

of  the  seam  (see  page  285) . 
Face  Wall.— A  wall  built  to  sustain  a  face  cut  into  the  natural  earth,  in 

distinction  to  a  retaining  wall,  which  supports  earth  deposited  behind  it. 
Faenas  (Mexican).— Dead  work,  in  the  way  of  development. 
FahJJband  (German).— A  course  impregnated  with  metallic  sulphides. 
Faiscador  (Spanish).— A  gold  washer. 
FaU.—{\)  A  mass  of  roof  or  side  which  has  fallen  in  any  part  of  a  mine. 

(2)  To  blast  or  wedge  down  coal. 
False  5cddmgf.— Irregular  lamination,  wherein   the  laminse,    though  for 

short  distances  parallel  to  each  other,  are  oblique  to  the  generalstrati- 

fication  of  the  mass  at  varjring  angles  and  directions. 
False,  Bottom.— a )  A  movable  bottom  in  some  apparatus.    (2)  A  stratum  on 

which  pay  dirt  lies,  but  which  has  other  layers  below  it. 
False  Cleavage.— A  secondary  slip  cleavage  superinduced  on  slaty  cleavage. 
J^htec  Set.— A  temporary  set  of  timber  used  until  work  is  far  enough  advanced 

to  put  in  a  permanent  set.  .  ^ 
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np  (Korth  of  England).— Thin  beds  of  soft  tough  shale. 

n. — ^A  maohinefor  creating  a  circulation  of  air  in  a  mine. 

n  Ihrift, — A  short  tunnel  or  conduit  leading  from  the  top  of  the  air-shaft  to 
Uie  fan. 

nega  (  Mexican). ~A  Spanish  measure  of  about  2^  bushels. 

fog  (Derbyshire).— An  air-course. 

seines  (English).— Bunches  of  twigs  and  small  branches  for  forming 
foundations  on  soft  ground. 

ist, — (1)  A  road  driven  in  a-  seam  with  the  solid  coal  at  each  side.  "  Fast 
at  an  end,"  or  "  fast  at  one  side,"  implies  that  one  side  is  solid  coal  and 
the  other  open  to  the  goaf  or  some  previous  excavation.    (2)  Bed  rock. 

iBt  End.*— An  end  of  a  breast  of  coal  that  requires  cutting. 

it  CocUs. — Those  containing  volatile  oily  matters. 

Ufurm  (English).— 6  ft. 

xtUt, — ^A  firacture  or  disturbance  of  the  strata  breaking  the  continuity  of 
the  formation. 

eather. — A  slightly  projecting  narrow  rib  lengthwise  on  a  shaft,  arranged 
to  catch  into  a  corresponding  groove  in  anything  that  surrounds  and 
slides  along  the  shaft 

'father  Edge.—{1)  A  passage  fh)m  false  to  true  bottom.  (2)  The  thin  end 
of  a  wedgeHshaped  piece  of  rock  or  coal. 

leather  Ore— Sulphide  of  lead  and  antimony. 

^^eed. — Forward  motion  imparted  to  the  cutters  or  drills  of  rock-drilling  or 
eoal-cutting  machinery,  either  hand  or  automatic. 

^^eeder.—il)  A  runner  of  water.    (2)  A  small  blower  of  gas. 

^Hgh  (North  of  England).— Ore  reflise. 

FVrncin^.- Fencing  In  a  claim  is  to  make  a  drive  round  the  boundaries  of 
an  allu<vial  claim,  to  prevent  wash  dirt  fh)m  being  worked  out  by 
adioining  claim  holders. 

Rsnd-OJf  (English).— A  sort  of  bell-crank  for  turning  a  pump  rod  past  the 
angle  of  a  crooked  shaft. 

Pierros  (Mexican).— Iron  matte. 

Fiery.— Containing  explosive  gas. 

Fines.— y&cy  small  material  produced  in  breaking  up  large  lumps. 

Fire. — (1)  A  miners'  term  for  firedamp.  (2)  To  blast  with  gunpowder  or 
other  explosive.  (3)  A  word  shouted  by  miners  to  warn  one  another 
when  a  snot  is  fired. 

Fire-Bars  (English). — The  iron  bars  of  a  grate  on  which  the  fliel  rests. 

Fird>oard.—A  piece  of  board  with  the  word  fire  painted  upon  it  and  sus- 
pended to  a  prop,  etc.,  in  the  workings,  to  caution  men  not  to  take  a 
naked  light  beyond  it,  or  to  pass  it  without  the  consent  of  the  foreman 
or  his  assistants. 

Fire  Boas.— An  underground  official  who  examines  the  mine  for  gas  and 
inspects  safety  lamps  taken  into  the  mine. 

Fireday.— Any  clay  that  will  withstand  a  great  heat  without  vitrifying. 

Firedamp.— {1)  A  mixture  of  light  carburetted  hydrogen  (CH4)  and  air  in 
explosive  proportions;  often  applied  to  CH4  alone  or  to  any  explosive 
mixture  01  mine  gases. 

Fireman:— See  Fire  Boss.  • 

Fire-SelUng.— The  process  of  exposing  very  hard  rock  to  intense  heat,  ren- 
dering it  thereby  easier  for  breaking  down. 

First  Working.— See  Whole  Working. 

Firsts.-The  best  ore  picked  ftom  a  mine. 

Fish.— To  join  two  beams,  rails,  etc.  together  by  long  pieces  at  their  sides. 

Fissure.— An  extensive  crack. 

Fissure  Vei».— Any  mineralized  crevice  in  the  rock  of  very  great  depth. 

Flags.— Broad  flat  stones  for  pa  vine;. 

FUigstone.— Any  kind  of  a  stone  that  separates  naturally  into  thin  tabular 
plates  suitable  for  pavements  and  curbing.  Especially  applicable  to 
sandstone  and  schists. 

Flang  (Cornish).— A  double-pointed  pick. 
Flange  (English).- A  projecting  ledge  or  rim. 

Flat.—{1)  A  district  or  set  of  workings  separated  by  fiiults,  old  workings,  or 
barriers  of  solid  coal.  (2)  The  siding  or  station  laid  with  two  or  more 
lines  of  railway,  to  which  the  putters  bring  the  full  cars  from  the  work- 
ing face,  and  where  they  get  the  empty  cars  to  take  back.  (3)  The  area 
of  working  places,  from  which  coal  is  brought  to  the  same  station,  is  also 
called "  flat."  .  ^ 
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Flat  Rod.— A.  horizontal  rod  for  conveying  power  to  a  distance. 

f'tate.—Narrow  decomposed  parts  of  limestones  that  are  mineralized. 

FkU  SAeet.— Sheet-iron  floorine;  at  landings  and  in  the  plats,  chambers,  ani 

junctions  of  drives,  to  facilitate  the  turning  and  mana«renient  of  tracks 
FUU  WaU  (Cornish).— Foot-wall. 
FlinUhire  Famacc—A  kind  of  reyerberatory  lUmace  used  for  smelting  lead 

ores. 
Ftoat.— Broken  and  transported  particles  or  boulders  of  vein  matter. 
Float  Oold.—Qold  in  thin  scales,  which  floats  on  water. 
Float  Ore.— A  term  applied  by  miners  to  ore  found  loose  in  the  clay  or  soil 
Float  Stones.— Loose  boulders  troux  lodes  lying  on  or  near  the  surface. 
Flood  Oate  (English).— A  gate  to  let  off  excess  of  water  in  flood  or  other 

times. 
Floor.— (1)  The  stratum  of  rock  upon  which  a  seam  of  coal  immediately 

lies.    (2)  That  nart  of  a  mine  upon  which  you  walk  or  upon  i^hich  the 

road  bed  is  laia. 
Floram  (Cornish).— Very  fine  tin. 
Flour  Gold.— The  finest  alluvial  ffold. 
i^tourtngr.— Mercury  reduced  to  fine  globules  that  are  easily  contaminated 

and  will  not  amalgamate. 
Flucan.—A  soft,  greasy,  clayey  substance  found  in  the  joints  of  veins. 
Fluke.— A  rod  for  cleaning  out  drill  holes. 
Flume.— An  artificial  watercourse. 
^iwrninflF— Lifting  a  river  out  of  its  bed  with  wooden  launders  er  inpes,  in 

order  to  get  at  the  bed  for  working. 
Flush.— (1)  To  clean  out  a  line  of  pipes,  gutters,  etc.  by  letting  in  a  sudden 

rush  of  water.    (2)  The  splitting  of  the  edges  of  stone  under  pressure. 

(3)  Forming  an  even  continuous  line  or  surfkce.    (4)  To  fill  a  mine 

with  fine  material. 
FluUaverk  (German).— River  prospecting. 

Flux.— iTon  ore,  limestone,  and  sand,  which  are  added  in  various  propor- 
tions to  the  charge  in  a  fUmace  to  make  the  gangue  melt  up  and  fiow 

off  easily. 
Fodder  ( North  of  England ).— 21  cwt.  of  lead. 
Following  Stone.— Roof  stone  that  falls  on  the  removal  of  the  seam. 
Foot  (Cornish).— 2  gallons,  or  60  lb.,  black  tin. 
Foot-Hole.—lio\es  cut  in  the  sides  of  shafts  or  winzes  to  enable  miners  to 

ascend  and  descend. 
Foot-Piece.— il)  A  wedge  of  wood  or  part  of  a  slab  placed  on  the  foot-wall 

against  which  a  stull  piece  is  jammed.    (2)  A  pieee  of  wood  placed  on 

the  floor  of  a  drive  to  support  a  leg  or  prop  of  timber. 
Foot-WaU.— The  lower  boundary  of  a  lode, 
i'boiii'aj/.- Ladders  in  mines. 
Force  Fan.—Hee  Blowdovm  Fan. 
Force  Piece.— Diagonal  timbering  to  secure  the  ground. 
Force  Pump.— A  pump  that  forces  water  above  us  valves, 
i'brcday.— Penstock.    The  reservoir  ftom  which  water  passes  directly  to  a 

waterwheel. 
/brepoMn^.— Driving  the  poles  over  the  timbers  so  that  their  ends  project 

beyond  the  last  set  of  timber,  so  as  to  protect  the  miner  fh>m  roof  falls; 

used  also  in  quicksand  or  other  loose  material. 
i^bremnninjgr.— The  first  working  of  a  seam  in  distinction  from  pillar  drawing. 
i^brfc.— (1)  A  deep  receptacle  in  the  rock,  to  enable  a  pump  to  extract  the 

bottom  water.    A  pump  is  said  to  be  "going  in  fork  "  when  the  water  is 

so  low  that  air  is  sucked  through  the  windbore.    (2)  (Cornish)  Bottom 

of  sump.    (3)  (Derbyshire)  Prop  for  soft  ground. 
Formation.— A  series  of  strata  that  belong  to  a  single  geological  age. 


Fossickers  (Australian).— Grubbers  for  gold  in  thebeach  sand. 
i'bssiciWnflr.— Overhauling  old  workings  and  refUse  heaps  for  gold. 
FossU.—OTgfmie  remains  or  impressions  of  them  found  in  mineral  matter. 
Fother  (North  of  England). — k  chaldron. 
Frame.— A  table  composed  of  boards,  slightly  inclined,  over  which  water 

runs  to  wash  off  waste  from  sluice  tin. 
Frame  Set.— The  legs  and  cap  or  collar  arranged  so  as  to  support  a  passage 

mined  out  of  the  rock  or  lode;  also  called  Framing. 
Free.— Coal  is  said  to  be  "  free  "  when  it  is  loose  and  easUy  mined,  or  vhen  it 

will  "run"  without  mining. 
Free  MiUing.— Ores  requiring  no  roasting  or  chemical  treatment. 
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•e«  Miner.— lAcenseA  miner. 

-esT&o  (Mexican). ^An  ash  tree. 

(ynton  (Mexican).— Any  working  £M;e. 

MrUe  ( Mexican).— A  bellows. 

cmace.—A  Uuge  coal  fire  at  or  near  the  bottom  of  an  upcast  shaft,  for  pro- 
ducing a  current  of  air  for  ventilating  the  mine. 

iimfice  Shqft.— The  upcast  shaft  in  Aimace  ventilation. 

^«c. — (1)  A  hollow  tube  filled  with  an  explosive  mixture  for  igniting  car- 
tridges.   '2)  To  melt. 

ibarro  (Mexican).— Ore  in  large  pieces,  firom  egg  size  up. 

zcf . — A  small  steel  wedge  used  for  loosening  Jointy  ground. 

'Ml  (Cornish).— Hard  gossan. 

:Ucipctgo  (Mexican).— A  turtle-shaped  pig  of  l^ad. 

cUe. — A  grant  of  mining  ground. 

cUemador  (Spanish).— A  silver  fUmace. 

aleme  (Mexican).— A  reverberatory  fhrnace.    See  VendradiUa. 

cUera  (Mexican).— A  shed;  any  long  or  large  room;  a  storehouse. 

aZiage. — Royalty. 

cUlery. — A  horizontal  passage. 

clUos  (Mexican).— Rich  specimens  of  silver  or  gold  ore,  particularly  those 

tliat  show  native  silver  or  gold. 
'alUyuM  Frame.— T\iQ  fhune  supporting  a  pulley  over  which  the  hoisting  rope 

passes. to  the  engine. 
Uimbucino  (Mexican).— A  prospector  Ibr  gold  placers  or  ores. 
}cLng. — A  set  of  miners,  a  "shift." 
fatigue. — Waste  material  from  lodes. 
Gangway.— The  main  haulage  road  or  level. 
?anwter.— A  hard,  compact,  extremely  silicious  fireclay. 
i€ir€ibcUa  (Mexican).— A  curved  iron  oar  used  in  copper  smelting. 
iSkzs. — See  Firedamp.    Any  firedamp  mixture  in  a  mine  is  called  gas. 
was  Cbo^.—Bituminous  coal  containing  a  large  percentage  of  gas. 
wash  Vein.— A  wedge-shaped  vein. 
jfcLsket.—A  band  or  ring  of  any  material  put  between  the  flanges  of  pipes 

before  bolting,  to  make  them  water-tight  or  steam-tight. 
9<Ue?ie8  (Gomish).— Final  sludge  bom  tin  dressing. 

Sfate. — An  underground  road  connecting  a  stall  or  breast  with  a  main  road. 
9€Ueway.—{l)  A  road  kept  through  goaf  in  longwall  working.    (2)  A  gang-  . 

way  having  ventilatmg  doors. 
Gauge  Door.— A  wooden  door  fixed  in  an  airway  for  regulating  the  supply 

of  ventilation  necessary  for  a  certain  district  or  number  of  men. 
Gauge  Pressure.— The  pressure  shown  by. an  ordinary  steam  gauge.    It  is 

the  pressure  above  that  of  the  atmosphere.    . 
Gears,  or  Pair  of  Gears.— {1)  Two  props  and  a  plank,  the  plank  being  sup- 
ported by  the  props  at  either  end.    (2)  The  teeth  or  a  gear-wheel  or 

pinion. 
(Teooes.- Large  nodules  of  stone  with  a  hollow  in  the  center. 
Oeordie.—A  safety  lamp  invented  by  George  Stephenson. 
Gevser.— Natural  fountain  of  hot  water  and  steam. 
€fih.—(l)  A  short  prop  of  timber  by  which  coal  is  supported  while  being 

holed  or  undercut.   (2)  A  piece  of  metal  often  used  in  the  same  hole 

with  a  wedge-shaped  key  for  holding  pieces  together. 
Oinney8.—&ee  Dillies. 
Qin,  or  Horse  Gin.— A  vertical  drum  and  fhimework  by  which  the  minerals 

and  dirt  are  raised  f^om  a  shallow  pit. 
Giraffe.— A  mechanical  appliance  for  receiving  and  tipping  a  car  full  of  ore 

or  waste  rock  when  it  arrives  at  the  surface. 
Girdle.—A  thin  bed  or  band  of  stone.    A  roof  is  described  as  a  post  roof 

with  metal  girdles,  or  a  metal  roof  with  post  girdles,  according  as  the 

post  or  the  metal  predominates. 
Glid  (Cornish).— Micaceous  iron  ore. 
Goqf,  or  G^ve.— That  part  of  a  mine  fh)m  which  the  coal  has  been  worked 

away,  and  the  space  more  or  less  filled  up  with  waste. 
Gob.—(X)  Another  word  for  Goaf.    (2)  To  leave  coal  and  other  minerals 

that  are  not  marketable  in  the  mine.    (3)  To  stow  or  pack  any  useless 

underground  roadway  with  rubbish. 
Gob  Mre.— Spontaneous  combustion  underground  of  fine  coal  and  slack  in 
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Gobbing  Up.— FiWing  with  waste. 

Qob  Road.— A  roadway  in  a  mine  carried  through  the  goaf. 

Qoing  Headways,  or  Ooing  Bord.—A  headway  or  bord  laid  witli  rails,  am 

used  for  conveying  the  coal  tubs  to  and  from  the  face. 
Golpeador  (Mexican).— A  striker,  in  hand  drilling. 
Oo88an.—A  spongy  ferruginous  oxide,  left  after  the  soluble  substances  hav 

been  dissolved  out  of  a  lode. 
Chtha  (Staffordshire). —Sudden  burstings  of  coal  from  the  face,  owing  k 

tension  caused  by  unequal  pressure. 
Oouge.— The  layer  of  clay,  or  decomposed  rock,  that  lies  alon^  the  wall  o 

walls  of  a  vein.    It  is  not  always  valueless. 
Grade.— The  amount  of  fall  or  inclination  in  ditches,  flumes,  roads,  etc. 
Grain.- An  obscure  vertical  cleavage  usually  more  or  less  parallel  to  the  end 

or  dip  joints. 
Grama  (Mexican).— Metallic  minerals  from  the  size  of  rice    to    that  a 

hens'  e^igs. 
Graaa  (Mexican).— Literally,  grease.    Sllags. 
Grass.— The  surface  of  the  ground.  . 
Grassero  (Spanish}. — Slag  heap. 
GfxUe  Coai.—See  Broken  Coal. 
Grating.— A  perforated  iron  sheet  or  wire  gauze  placed  in  frx>nt  of  reducing 

machinery. 
Orave2.— Water-worn  stones  about  the  size  of  marbles. 
Gray  3fetoZ.— Shale  of  a  grayish  color. 
Grauwacke.—A   compact  gray  sandstone  frequently  found   in    Paleozoic 

formations. 
Green^ne.—A  general  term  employed  to  designate  green-colored,  igneous 

rocks,  as  diorite,  dolerite,  diabase,  gabbro,  etc. 
(rrcTia  (Spanish).— Undressed  ore. 

Greta  (Mexican).— Impure  litharge  formed  in  a  reverberatory  frimace. 
Griddle.— A  coarse  sieve  used  for  sifting  ores,  clay,  etc. 
Grizzly.— A    grating   to    throw    out    large    stones    from    hydraulic    gold 

sluices.  . 
Ground  iZen^— Rent  paid  for  surface  occupied  by  the  plant,  etc.  of  s 

colliery. 
Groundsill.-A  log  laid  on  the  floor  of  a  drive  on  which  the  legs  of  a  set  of 

timber  rest. 
Ground  Sluicing. — Washing  alluvial,  loosened  by  pick  and  shovel,  in  trenches 

cut  out  of  the  bed  rock,  using  bars  of  rock  as  natural  riffles.     Used  in 

shallow  placers,  hill  claims,  bank  claims,  and  stream  diggings. 
Ch-out  (English).— Thin  mortar  poured  into  the  interstices  between  stones 

and  bncks. 
Grove  (Derbyshire).— A  mine. 

Grub  Stake.— The  mining  outfit  or  supplies  furnished  to  a  prospector  qn  con- 
dition of  sharing  in  bis  finds. 
Grueso  ( Mexican ) .— Lum|)  ore. 
G'rundy.— Granulated  pig  iron. 
Guag  (Cornish).— Worked-out  ground. 
Gtuudria  (Mexican).— A  long  and  stout  beam,  generally  sustaining  other 

beams  or  some  heavy  weight. 
Guano.— A  brown,  gray,  or  wnite,  light  powdery  deposit,  consisting  mainly 

of  the  excrement  of  sea  fowl  in  rainless  tracts,  or  of  bats  in  caves. 
Guarda  Raya  (Mexican).— A  landmark;  a  monument. 
Ouardas  (Mexican).— Tne  country  seat  immediately  enclosing  any  metal- 
liferous vein  or  deposit. 
G'ttftftin.- Ironstone.  . 

Guia  (Mexican).— Indications  where  to  cut  a  pay  streak  or  to  find  a  vein. 
Guides.— See  Cage  Guides. 
Guija  (Spanish). — Quariz.  i 

Guijo  (Mexican).— A  pointed  pivot,  upon  which  turns  the  upright  center 

piece  of  an  arrastre.  of  a  door,  etc. 
Gunboat.— A  self-dumping  car,  holding  from  5  to  8  tons  of  coal,  used  upon 

inclined  planes  or  slopes.    They  are  filled  by  emptying  the  mine  cars  , 

into  them  at  the  foot  oi  the  slope. 
^wnmc«  (Cornish).— 3  ft.  I 

Gurt  (Cornish).— Water  runnel  from  dressing  floor.  , 

GtUter.—(l)  A  small  water-draining  channel.    (2)  The  lowest  part  of  a  lead 

that  contains  the  most  highly  auriferous  dirt.    ^  GoOqIc 
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laoienda  de  Beneficio  (Mexican).— In  mining,  a  metallurgical  works;  any 
metallur^cal  works,  usually  an  amalgamation  works. 

fTctcienda  deFundidxm  (Mexican).— A  smelting  works. 

flcu^ienda  de  Maouila  (Mexican).— A  custom  mill. 

f/euie.— The  inclination  of  a  vein  or  foult,  taking  the  yertical  as  zero. 

ETaiam  (Wales).— Iron. 

ETa^f  Course.— (1)  At  an  angle  of  45°  from  general  or  previous  course.  (2) 
Half  on  the  level  and  naif  on  the  dip. 

HcU/Set.—One  leg  piece  and  a  cap. 

/famin«.— Gangue  containing  a  little  ore. 

f£ammer-andrJKate.—A  signaling  apparatus. 

££<and  Barrow. —A  long  box  with  handles  at  each  end. 

Hand  Dog.— A  kind  of  spanner  or  wrench  for  screwing  up  and  disconnecting 
the  joints  of  boring  rods  at  the  surface. 

J£a7hdsptke.—A  wooden  lever  for  working  a  capstan  or  windlass. 

Mandwhip. — An  apparatus  used  in  shallow  alluvial  workings,  consisting  of 
an  upright,  at  tne  top  of  which  is  balanced  a  long  sapling;  at  the  thick 
end  of  the  sapling,  a  bag  of  earth  is  fastened  to  counterbalance  the 
bucket  of  dirt  to  be  raised  at  the  other  end. 

Hanaer-On.—The  man  that  runs  the  loaded  cars  on  to  the  cages  and  gives 
tne  signal  to  hoist.    See  Cager. 

Hanging  Stoear  .Bod.— Wooden  pump  rods  adjustable  by  screws,  etc.  by  which 
a  sinking  set  of  pumps  is  suspended  in  a  shaft. 

Hanging  WaU.—ln  metalliferous  mining,  the  stratum  lying  geologically 
directly  above  a  bed  or  vein. 

Hardhead. — Residue  from  tin  refining;  contains  much  iron  and  arsenic. 

Zforrow.— Somewhat  like  an  agricultural  harrow;  it  is  fixed  to  the  pole  of  a 
puddling  machine  and  dragged  around  to  break  up  and  mix  the  aurifer- 
ous clays  with  water. 


Hatajo  (Mexican).— A  drove  of  pack  mules. 
Hat  Jioaer8.—Cast-i  


. — Cast-iron  or  steel  rollers  shaped  like  a  hat,  revolving  on  a 
vertical  pin,  for  guiding  inclined  haulage  ropes  around  curves. 
Hatter. — A  miner  working  by  himself  on  his  own  account. 
HaiUage  Clip.— Levers,  jaws,  wedges,  etc.  by  which  cars,  singly  or  in  trains, 

are  connected  to  the  hauling  ropes. 
Hauling.— The  drawing  or  conveying  of  the  product  of  the  mine  from  the 

working  places  to  the  bottom  of  the  hoisting  shaft,  or  slope. 
HauncItes.—TnejaeLrts  of  an  arch  from  the  keystone  to  the  skew  back. 

Hazle  (Northof  England).— Sandstone  mixed  with  shale. 

Head.—{1)  Pr&ssure  of  water  in  pounds  per  square  inch.  (2)  Any  subter- 
ranean passage  driven  in  solid  coal.  (3)  That  part  or  a  face  nearest 
the  roof: 

Head,  or  Sluice  Head  (Australia  and  New  Zealand).— A  supply  of  1  cu.  ft.  of 
water  per  second,  regardless  of  the  head,  pressure,  or  size  of  orifice. 

H€ad-BlocK.—{l)  A  stop  at  the  head  of  a  slope  or  shaft  to  stop  cars  from 
going  down  the  shaft  or  slope.    (2)  A  cap  piece. 

HecMboard.—A  wedge  of  wood  placed  against  the  hanging  wall,  and  against 
which  one  end  of  the  stuU  piece  is  jammed. 

Heoider.-il)  A  rock  that  heads  off  or  delays  progress.  (2)  A  blast  hole  at  or 
above  the  head.  (3)  A  stone  or  brick  laid  lengthwise  at  right  angles  to 
the  face  of  the  masonry.  (4)  The  Stanley  Header  is  an  entry  boring 
machine  that  bores  the  entire  section  of  the  entry  in  one  operation. 

Head-Gear.— The  pulley  frame  erected  over  a  shaft. 

Heaxi-House.— When  the  head-frame  is  housed  in,  the  .structure  is  known  by 
this  name. 

Heading.— {1)  A  continuous  passage  for  air  or  for  use  as  a  manway;  a  gang- 
way or  entry.  (2)  A  connecting  passage  between  two  rooms,  breasts,  or 
other  working  places. 

Head'Piece.—A  cap;  a  collar. 

Headrtux.—An  aqueduct  for  bringing  a  supply  of  water  on  to  the  ground. 

Head8tock8.—(ji9X\oyfs  frame;  head-frame. 

Headways.— {!)  A  road;  usually  9  ft.  wide,  in  a  direction  parallel  to  the 
main-cleavage  planes  of  the  coal  seams,  which  direction  is  called 
"headways  course,"  and  is  generally  about  north  and  south  in  the 
Newcastle  coal  field.  It  is  termed  "on  end  ".in  other  districts.  (2) 
Cross-headings. 

Heave.— The  shifting  of  rocks,  seams,  q>x  lod^s  on  the  face  of  a  cross-coui^se, 

®*^-  Digitized  by  Google 


692  hka  glossary.  Hyd 

Heaving.-^The  rising  of  the  thill  (or  floor)  of  a  seam  where  the  coal  has  been 

removed. 
Hechado  (Spanish).— Dip. 

Hed,  qf  Coal.— A  small  body  of  ooal  left  under  a  larger  body  as  a  support. 
Hed  qf  a  Shot.— In  blasting,  the  ftx>nt  of  a  shot,  or  the  face  of  the  shot  farthest 

fk-om  the  charge. 
Keep  Stead  ( English ).~The  entire  surface  plant  of  a  colliery. 
Helper.— A  miner's  assistant,  who  works  under  the  direction  of  the  miner. 
Helve.-— A  handle. 

Hewer.— A  collier  that  cuts  coal;  a  digger. 
High  Ret^.— The  bed  rock  or  reef  is  frequently  found  to  rise  more  abruptlv 

on  one  side  of  a  gutter  than  on  the  other,  and  this  abrupt  reef  is  termed 

a  high  reef. 
HiJueUu  (Mexican).— Literally,  little  children.    A  small-sized  torta  made  ui> 

as  a  sort  of  assay  on  a  large  scale,  with  ftom  1  to  5  kilograms  of  aigentix- 

erous  mud. 
HiU  Diggings.— Plaueen  on  hills. 
HUo  (Spanish).— A  thin  metalliferous  vein. 
Hitch.— (1)  A  fault  or  dislocation  of  less  throw  than  the  thickness  of  the 

seam  in  which  it  occurs.    (2)  Step  cut  in  the  rock  or  lode  for  holding^ 

stav -beams,  beams,  or  timber,  etc.  for  various  purposes. 
Hoarding.— A  temporary  close  fence  of  boards  placed  around  a  work  in 


Hogback.— A  roll  occurring  in  the  floor  and  not  in  the  roof,  the  coal  being 

cut  out  or  nearly  so,  for  a  distance. 
Hoister.—A  machine  used  in  hoisting  the  product.    It  may  be  operated  by 

steampower  or  horsepower. 
Hole.—{l)  To  undercut  a  seam  of  coal  by  hand  or  machine.    (2)  A  bore 

hole.    (3)  To  make  a  communication  ftom  one  part*  of  a  mine  to 

anothOT. 
Holing.— {1)  The  portion  of  the  seam  or  underclay  removed  from  beneath 

the  coal  before  it  is  broken  down.    (2)  A  short  passage  connecting  two 

roads.    (3)  Seeftrvin^. 
Holing   Through.— Tfriying  a  passage  through  to  make  connection  with 

another  part  of  the  same  workings,  or  with  those  in  an  adjacent  mine. 
Hood. — See  Bonnet. 

Hopper.— A  coal  pocket;  a  ftinnel-fihaped  feeding  trough. 
Horn.— A  piece  of  bullock's  horn  about  Sin.  in  length,  cut  boat-shaped,  for 

concentrating  by  water  on  a  small  scale. 
Horn  Coal.— CobA  worked  partly  end-on  and  partly  fkce-on. 
Horn  Silver.— Chloride  of  diver. 
Horse  Gin.— A  gearing  for  winding  by  horsepower. 
Horsepower.— The  power  that  will  raise  33,000  lb.  1  ft.  high  per  minute. 
Horse,  or  Horsebacks.-il)  Natural  channels  cut  or  washed  away  by  water  in 

a  coal  seam,  and  filled  up  with  shale  and  sandstone.    Sometimes  a  bank 

or  ridge  of  foreign  matter  in  a  coal  seam.    (2)  A  mass  of  country  rock 

lying  within  a  vein  or  bed.    (3)  Any  irregularity  cutting  o'lt  a  portion 

of  the  vein.    See  Dirt  FavU  and  Rock  FauU. 
Horse  Whim. — A  vertical  drum  worked  by  a  horse,  for  hauling  or  hoisting. 

Called  also  Horse  Gin. 
Hose.— A  strong  flexible  pipe  made  of  leather,  canvas,  rubber,  etc.,  and  used 

for  the  conveyance  of  water,  steam,  or  air  under  pressure  to  any  partic- 
ular point. 
H  Piece.— The  portion  of  a  column  pipe  containing  the  valves  of  the 

pump. 
Htieco  (Mexican).— See  Demasia. 

Hulk  (Cornish).- To  pick  out  the  soft  portions  of  a  lode. 
Hundido  (Mexican).— See  Derrumbe. 
Hungry.— Worthless  looking. 
Hurdy  Gurdy.—A  waterwheel   that  receives  motion   ftwm   the   force  of 

traveling  water. 
Hushing.— Prospeeting  by  laying  g^round   bare  by  sudden  discharges  of 

pent-up  water. 
Hutch  (Cornish).— (1)  An  ore-washing  box.    (2)  (English)  A  mine  car. 
Hydraulic  Cement— A  mixture  of  lime,  magnesia,  alumina,  and  silica  that 

solidifies  beneath  water. 
HTfdraulicking.— Working  auriferous  gravel  beds  by  hydraulic  power. 
t/arocarftorw.— Compounds  of  hydrogen  and  carbon. 
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igneous  Rooks.— Those  that  have  been  in  a  more  or  less  fused  state. 
iTibye. — ^In  a  direction  inward  toward  the  face  of  the  workings,  or  away  from 

tlie  entrance. 
Incline. — bnort  for  inclined  plane.    Any  inclined  heading  or  slope  road  or 

traxik.  having  a  general  inclination  or  grade  in  one  direction. 
Incorporo  (Mexican).— The  act  of  adding  and  mixing  the  mercury  and 
other  ingredients  in  and  to  the  metalliferous  mud  for  the  patio  process 
of    amaiigamation.    incorpomdero.— Place    where    the    incorporo    is 
effected. 
/?Miicator.— (1)  A  mechanical  contrivance  attached  to  winding,  hauling,  or 
other  machinerv,  which  shows  the  position  of  the  cages  in  the  shut  or 
the  cars  on  an  incline  during  its  journey  or  run.    (2)  An  apparatus  for 
showing   the   presence  of    firedamp   in  mines,   the  temperature  of 
goaves,  the  speed  of  a  ventilator,  pressure  of  steam,  wr,  or  water,  etc. 
Indicator  Card,  or  Diaaram.—A.  diagram  showing  the  variation  of  steam 
pressure  in  the  cyUnder  of  an  engine  during  an  entire  stroke  or  revo- 
lution. 
Indoor  Catches. — Strong  beams  in  Cornish  pumping-engine  houses  to  catch 
the  beam  in  case  of  a  smash,  thus  preventing  damage  to  the  engine 
itself. 
/n-/orJfc.— When  a  pump  continues  working  after  water  has  receded  below 

the  holes  of  the  wind  bore. 
Ingot. — ^A  lump  of  cast  metal. 
In  Place.— A  vein  or  deposit  in  its  original  position. 
Insalmoro  (Mexican).— The  addition  of  salt  to  the  torta  or  mud  heap. 
Inset. — ^The  entrance  to  a  mine  at  the  bottom,  or  part  way  down  a  shaft 

where  the  cages  are  loaded. 
Inside  Slope.— A  slope  on  which  coal  is  raised  from  a  lower  to  a  higher 

gangway. 
Inspector.— A  government  official  whose  duties  are  to  enforce  the  laws  regu- 
lating the  working  of  mines. 
Jn«<rofcc.— The  right  to  take  coal  from  a  royalty  to  the  surface  by  a  shaft  in 

an  adjoining  royalty.    A  rent  is  usually  charged  for  this  privilege. 
Intake.— {1)  The  passage  through  which  the  fresh  air  is  drawn  or  forced  in 
a  mine,  commencing  at  the  bottom  of  a  downcast  shaft,  or  the  mouth 
of  a  slope.    (2)  The  fresh  air  passing  into  a  colliery. 
Inversion.— SiVLch  a  change  in  the  dip  of  a  vein  or  eeam  as  makes  the  foot- 
wall  or  floor  the  upper  and  the  hanging  wall  or  roof  the  lower  of 
the  two. 
Irestone  (Cornish).— Any.  hard  tough  stone. 
Ir(m  Ifcrf.- Decomposed  ferruginous  mineral  capping  a  lode. 
Iron  Man.— A  coal-cutting  machine. 

Jaboncillo  (Mexican).— Decomposed  talcose  rock  or  hardened  clay,  generally 

found  in  a  vein,  and  sometimes  indicating  the  proximity  of  a  rich  strike. 
JacaZ  (Mexican).— See  Xacal. 
Jack.— A  lantern-shaped  case  made  of  tin,  in  which  safety  lamps  are  carried 

in  strong  currents  of  air. 
Jacket.— {1)  An  extra  surface  covering,  as  a  steam  jacket.    (2)  A  water- 
jacket  is  a  fUmace  having  double  iron  walls,  between  which  water 

circulates. 
Jack-Lamp.— A  Davy  lamp,  with  the  addition  of  a  glass  cylinder  outside 

the  gauze. 
Jacotinga  (Brazilian).— Ferruginous  ores  associated  with  gold. 
Jales  (Spanish).— Tailings. 
Jales-Jaisontles  (Mexican).— Rich  tailings  or  middlings  from  concentration 

or  amalgamation. 
Jars.— In  rope  drilling,  two  long  links  which  take  up  the  shock  of  impact 

when  the  falling  tools  strike  the  bottom  of  the  hole. 
Jenkin.—A  road  cut  in  a  pillar  of  coal  in  a  bordways  direction,  that  is,  at 

right  angles  to  the  main-cleavage  planes. 
Jig.—il)  A  self-acting  incline.    (2)  A  machine  for  separating  ores  or  minerals 

from  worthless  rock  by  means  of  their  diflference  in  specific  gravity; 

also  called  Jigger  or  washer, 
Jigger.—il)  A  kind  of  coupling  hook  for  connecting  cars  on  an  incline. 

(2)  An  allowance  of  liquor  sometimes  issued   to   workmen  (almost 

obsolete).    (3)  See  Jig. 
Jigging— BepsLrsktiag  heavy  from  light  particles  by  agitation  in  water. 
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Jockey.— A  self-acting  apparatus  carried  on  the  fix>nt  truck  of  a  set  for  re- 
leasing it  fh>m  the  hauling  rope. 

Joggle.— A,  joint  of  trusses  or  sets  of  timber  for  receiving  pressure  at  righi 
angles,  or  nearly  so. 

Joints.— (X)  Divisional  planes  that  divide  the  rock  in  a  quarry  into  natun'. 
blocks.  There  are  usually  two  or  three  nearly  parallel  series,  called  by 
quarryinen  end  joints,  back  joints,  and  bottom  joints,  according  to  their 
position.  (2)  In  coal  seams,  the  less  pronounced  cleats  or  vertical 
cleavages  in  the  coal.  The  shorter  cleats,  about  at  right  angles  to  the 
fiice  cleats  and  the  bedding  plane  of  the  coal. 

Jvd.—{\)  A  portion  of  the  workingface  loosened  by  "klrving"  underneath. 

and  "nicking" '-"-       ' " "" — ' ""  —•-'-*--■- 

spoken  of  as  " 

working  place,    .  ^ 

a  jud  has  been  driven  the  distance  required,  the  timber  and  rails  are 
removed,  and  this  is  termed  '*  drawing  a  iud.'* 

Judge  (Derbyshire  and  North  of  England).— A  measuring  staff. 

Jug^ers,  or  Jugulars.— Timhen  set  obliquely  against  the  rib  in  a  breast,  to 
form  a  triangular  passage  to  be  used  as  a  manway,  airway,  or  chute. 

Jump.— An  upthrow  or  a  downthrow  fault. 

Jumper.— A  hand  drill  used  in  boring  holes  in  rock  for  blasting. 

Kann  (Cornish}.— Fluorspar. 

Kazen  (Cornish).- A  sieve. 

Keckle-Meckle.— Poorest  lead  ore. 

Keeker.— An  official  that  superintends  the  screening  and  cleaning  of  the  coal. 

Keel  Wedge.— A  long  iron  wedge  for  driving  over  the  top  of  a  pick  hilt. 

Keeps,  or  Keps.—Wm^  catches,  or  rests  to  hold  the  cage  at  rest  when  it 

reaches  any  landing. 
Keeve.—A  large  wooden  tub  used  for  the  final  concentration  of  tin  oxide. 
Kenner.— Time  for  quitting  work. 

Kerf.— The  undercut  made  to  assist  the  breaking  of  the  coal. 
Kerned  ( Cornish).— Pjrites  hardened  by  exposure. 
Kerve  (North  of  England)  .—In  coal  mining,  to  cut  under. 
KevU  (Derbyshire).- Calcspar  found  in  leaia  veins. 
Key.—{1)  An  iron  bar  of  suitable  size  and  taper  for  filling  the  keywaysof 

shaft  and  pulley  so  as  to  keep  both  together.    (2)  A  kind  of  spanner 

used  in  deep  boring  by  hand. 
Kibble.— See  Bowk.    Often  made  with  a  bow  or  handle,  and  carrying  over  a 

ton  of  debris. 
Kiekup.— An  apparatus  for  emptying  trucks. 
Kieve.—Tos^ng  tub. 
KiUas  (Cornish).— Clay  slate. 
Kiln— A  chamber  built  of  stone  or  brick,  or  sunk  in  the  ground,  for  burning 

minerals  in. 
Kind.—{1)  Tender,  soft,  easy.    (2)  Likely  looking  stone. 
Kind-Chaudron. — A  system  of  sinking  shafts  through  water-bearing  strata. 
Kirving  (North  of  England).— The  cutting  made  beneath  the  coal  seam. 
Kist.— The  wooden  box  or  chest  in  which  the  deputy  keeps  his  tools.   The 

chest  is  always  placed  at  the  flat  or  lamp  station,  and  this  spot  is  often 

referred  to  by  the  expression  "  at  the  kist.^' 
Kit— Any  workman's  necessary  outfit,  as  tools,  etc. 
Kitty.— A  squib  made  of  a  straw  tube  filled  with  powder. 
Knee  Piece.— A  bent  piece  of  piping. 
Knocker.— A  lever  that  strikes  on  a  plate  of  iron  at  the  mouth  of  a  shaft,  by 

means  of  which  miners  below  can  signal  to  those  on  the  top. 
Knocker  Line.— The  signal  line  extending  down  the  shaft  from  the  knocker. 
Koepe  System.— A  system  of  hoisting  without  using  drums,  the  rope  being 

endless  and  passing  over  pulleys  instead  of  around  a  drum. 

Labor  (Mexican).— Mine  workings  in  general.  Specifically,  a  stope  or  any 
other  place  where  ore  is  being  taken  out. 

Ladderway,  Ladder  Eoad.— The  particular  shaft,  or  compartment  of  a  shaft, 
used  for  ladders. 

Lagging.— {1)  Small  round  timbers,  slabs,  or  plank,  driven  in  behind  the 
legs  and  over  the  collar,  to  prevent  pieces  of  the  sides  or  roof  flrom  falline 
through.  (2)  Long  pieces  of  timber  closely  fitted  together  and  fastened 
to  the  drum  rings  to  form  a  surface  for  the  rope  to  ¥riud  on. 


Lam  glossary.  Lid  595 

Zj€Mfma8  ( Spanish)  .'^(1)  Slimes.    (2)  Argentiferous  mud  treated  by  amalga* 

mation. 
LcLtnero  (Mexican).— Place  of  deposit  for  lamas. 

X,cc9ntrup.— Sheets  not  naturally  separated,  but  which  may  be  forced  apart. 
Ii,cLtnpctto  (Mexican).— A  sort  of  broom  formed  of  ereen  branches  on  the  end 

of  a  longr,8tick,  to  dampen  the  flame  in  a  reverberatory  ftirnace. 
lAxmp  ifen.— Cleaners,  repcurers,  and  those  having  charge  of  the  safety  lamps 

at  a  colliery. 
ZAxmp  £Eta^ibn«.— Certain  fixed  stations  in  a  mine  at  which  safety  lamps 
are  allowed  -to  be  opened  and  relighted  by  men  appointed  for  that 
purpose,  or  beyond  which,  on  no  pretense,  is  a  naked  light  allowed 
to  be  taken. 
Xxznder.— The  man  that  receives  a  load  of  ore  at  the  mouth  of  a  shaft. 
I^ander*9  Orook.'-A  hook  or  tongs  for  upsetting  the  bucket  of  hoisted  rock. 
XjcmdincTr—il)  A  level  stage  for  loading  or  unloading  a  cage  or  skip. 

(2)  The  top  or  bottom  of  a  slope,  shaft,  or  inclined  plane. 
Z^cLtid  Saic.— The  sale  of  coal  loaded  into  carts  or  wagons  for  local  consump- 
tion. 
Zxind-Sale  CoUierUs.-^Thoae  selling  the  entire  product  for  local  consumption, 

and  shipping  none  by  rail  or  water. 
JLap. — One  coil  of  rope  on  a  drum  or  pulley. 
J^ippior  (Cornish).— An  ore  dresser. 

Xarpe.— The  largest  lumps  of  coal  sent  to  the  surfjEtce,  or  all  coal  that  is  hand 
picked  or  does  not  pass  over  screens;  also,  the  large  coal  that  passes 
over  screens. 
Larry. — (1)  A  car  to  which  an  endless  rope  is  attached,  fixed  at  the  inside 
end  of  the  road,  forming  part  of  the  appliance  for  taking  up  slack  rope. 
See  Balance  Car.    (2)  See  Bamev.    (3)  A  car  with  a  hopper  bottom  and 
adjustable  chutes  for  feeding  cose  ovens.    (4)  A  hopper-shaped  car  for 
charging  coke  ovens. 
IxUches. — (1)  A  synonym  of  switch.    Applied  to  the  split  rail  and  hinged 
switches.    (2)  Hinged  switch  points,  or  short  pieces  of  rail  that  form 
rail  crossings. 
ZxUeral.—From.  the  side. 

LMth.—K  plank  laid  over  a  framed  center  or  used  in  poling. 
2>iwn<ier.— Water  trough. 
iMundry  5oa;.— The  box  at  the  surftice  receiving  the  water  pumped  up  from 

below. 
Lava.— A  common  term  for  all  rock  matter  that  has  flowed  from  a  volcano  or 

fifisnre. 
Lavadero  (Mexican).— A  washer.    A  tank  with  a  stirring  arrangement  to 
loosen  up  the  argentiferous  mud  from  the  patio,  and  dilute  the  same 
with  water,  so  that  the  silver  amalgam  may  have  a  chance  to  precipitate. 
An  agitator. 
Lazadorea  (Mexican).— Men  formerly  employed  in  recruiting  Indians  for 

work  in  the  mines  by  the  gentle  persuasion  of  a  lasso. 
Laay  Back  (Staffordshire).— A  coal  stack,  or  pile  of  coal. 
Leaehi7hg.—To  dissolve  out  by  some  liquid. 

Lead  (pronounced  feed).— (1)  Ledge  (America);  reef  (Australia):   lode  or 

vein  (England).    A  more  or  less  vertical  deposit  of  ore  formed  after  the 

rock  in  which  it  occurs.    (2)  A  bed  of  alluvial  pay  dirt  or  an  auriferous 

gutter.    (3)  The  distance  to  which  earth  is  hauled  or  wheeled. 

Leaaer:—A  seam  of  coal  too  small  to  be  worked  profitably,  but  often  being  a 

guide  to  larger  seams  lying  in  known  proximity  to  it. 
heat.— A  small  water  ditch. 
Leaving^  (Cornish).— Hal  vans. 
i:,e(ig«.— See  Lead. 

Leg.— A  wooden  prop  supporting  one  end  of  a  collar. 
Leg  Piece.— An  upright  log  placed  against  the  side  of  a  drive  to  support  the 

cap  piece. 
Lefiador  (Mexican).— One  that  cuts,  carries,  or  ftirnishes  wood  for  com- 
bustible. 
Lend.— A  road  or  gangway  running  parallel  or  nearly  so  with  the  strike 

of  the  seam. 
Ley  (Mexican) .—Law.    As  applied  in  mining  matters,  it  means  the  propor- 
tion of  precious  or  other  metals  containea  in  any  mineral  substance  or 
metallic  alloy.  ' 
Lid,— A  cap  piece  used  in  timbering.  o 
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X^.~(l)  The  vertical  height  tisyeled  by  a  cage  in  a  shaft.  (2)  The  kfti!f€x 
pump  is  theoretical  height  ttom  the  level  of  the  water  in  the  sump  to  tlk<? 
point  of  discharge.  (3)  The  distance  between  the  first  level  and  thie 
surlace,  or  between  two  levels.  (4)  The  levels  of  a  shaft  or  slope. 
%ing  (?uar<2«.~Fencing  placed  around  the  mouth  of  a  shaft,  which  is 
lifted  out  of  the  way  by  the  ascending  cage. 

£Agnite.—A  coal  of  a  woody  character  containing  about  66^  carbon  aiDd 
having  a  brown  streak. 

Limadura  (Mexican).— Filings.  The  mercurial  globules  seen  when  a  piece 
of  argentiferous  mud  fh>m  a  patio  is  washed  in  a  spoon  or  saucer  for 
an  assay. 

lAme  Cartrtdffe.—A  charge  or  measured  quantity  of  compressed  dry  caustic 
lime  made  up  into  a  cartridge  and  used  instead  of  gunpowder  for 
breaking  down  coal.  Water  is  applied  to  the  cartridge,  and  the  expan- 
sion breaks  down  the  coal  without  producing  a  flame. 

Lime  Coal.—SmaXy  coal  suitable  for  lime  burning. 

Lines.^Plumh-linea,  not  less  than  two  in  number,  hung  fh>m  hooks  driven 
in  wooden  plugs.  A  line  drawn  through  the  centers  of  the  two  stxin^s 
or  wires,  as  the  case  may  be,  represents  the  bearing  or  course  to  be 
driven  on. 

Lining.— The  planks  arranged  against  Arame-sets. 

Linnets  (Derbyshire).— Oxidized  lead  ores. 

LintemiUa  (Mexican).— The  drum  of  a  Horse  Whim. 

Lip  Screen.— A  small  screen  or  screen  bars,  placed  at  the  draw  hole  of  a  coal 
pocket  totake  out  the  fine  coal. 

Lis  (Mexican).— The  flouring  of  mercury. 

Little  Qiant.— The  name  given  to  a  special  sort  of  hydraulic  nozzle  used  for 
sluicing  purposes. 

Live  Quartz.— A  varietv  of  quartz  usually  associated  with  mineral. 

Lixiviating.— Bee  Leaching. 

Uav€9  (Mexican).— Horizontal  cross-beams  in  a  shaft,  or  the  uprigbt  piecses 
that  sustain  the  roof  beams  in  a  drift  or  tunnel. 

Loaded  Trac*.— Track  used  for  loaded  cars. 

Loader.— One  that  fills  the  mine  cars  at  the  working  places. 

Loam.— Any  natural  mixture  of  fiand  and  clay  that  is  neither  distinctly  sandy 
nor  clayey. 

LocaMon,— The  first  approximate  staking  out  or  surve^f  of  a  mining  claim,  in 
distinction  fi*om  a  PaJtent  Survey,  or  a  Patented  Claim. 

Location  Survey.— See  Location. 

Lode  (Ctornish).— Strictly  a  fissure  in  the  country  rock  filled  with  mineral; 
usually  applied  to  metalliferous  lodes.  In  Keneral  miners'  usage,  a  lode^ 
vein,  or  ledge  is  a  tabular  deposit  of  valuable  minerals  between  definite 
boundaries.  Whether  it  be  a  fissure  formation  or  not  is  not  always 
known,  and  does  not  affect  the  legal  title  under  the  United  States  fedenkl 
and  local  statutes  and  customs  relative  to  lodes.  But  it  must  not  be  s  , 
placer,  i.  e.,  it  must  consist  of  quartz  or  other  rock  in  place;  and  bearing 
valuable  mineral. 

LodesUme,  or  Lod€.—{l)  Magnetic  iron  ore.  (2)  Stone  found  in  veins  or  lodes. 

Xo^s.— Portions  of  trunks  of  trees  cut  to  lengths  and  built  up  so  as  to  raise  ( 
the  mouth  or  collar  of  a  shaft  tram  the  surface,  in  order  to  give  the  J 
requisite  space  for  the  dumping  of  mullock  and  ore.  I 

Long-PiUar  Work. — A  system  of  working  coal  seams  in  Uuree  separate  oper-  I 
tions:  (1)  large  pillars  are  left;  (2)  a  number  of  parallel  headings  are  i 
driven  through  the  block;  and  (3)  the  ribs  or  narrow  pillars  are  worked  I 
away  in  both  directions.  I 

Long  Tom.— A  wooden  sluice  about  24  ft.  long,  2  ft.  wide,  and  1  ft.  high,  for 
washing  auriferous  gravel. 

Long  Tbn.— 2,240  lb. 

LongwaU.—A  system  of  working  a  seam  of  coal  in  which  the  whole  seam  is 
taken  out  and  no  pillars  left,  excepting  the  shaft  pillars,  and  sometimes 
the  main-road  pillars. 

Loob  (Cornish).— sludge  ftom  tin  dressing. 

Loose  End.—{1)  A  portion  of  a  seam  worked  on  two  sides.  (2)  A  portion 
that  projects  in  the  shape  of  a  wedge  between  previous  workings. 

Low  Grooc.- Not  rich  in  mineral. 

Lumber.— Timb&F  cut  to  the  various  sizes  and  shapes  for  carpenters'  purposes. 

Lumbreras  (Mexican).— Ventilating  shafts  in  a  mine  or  other  underground 
work.  .  o 
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Lump  Co€U. — (1)  All  coal  (anthracite  only)  larger  than  broken  coal,  or,  when 
steamboat  coal  is  made,  lumps  larger  than  this  size.  (2)  In  soft  coal,  all 
coal  passing  over  the  nut-coal  screen. 

Lute, — An  adhesive  clay  used  either  to  protect  any  iron  vessel  from  too 
strong  a  heat  or  for  securing  air-  and  gas-tight  joints. 

Lye  (£ngiish).— A  siding  or  turnout. 

Machete  (Mexican).— A  stake  or  permanent  bench  mark  fixed  in  an  under- 
ground  working,   from  which  the  length  and  progress   thereof  is 
measured. 
Macizo  (Spanish).— Unworked  lode. 
Moffi^aZ  ( Spanish). -^Roasted  copper  pyrites,  copper  sulphate,  etc.,  used  to 

reduce  alver  ores. 
Magnetic  -y«edte.— Needle  used  in  surveying. 
McLgnetic  North.— The  direction  indicated  by  the  north  end  of  the  magnetic 

needle. 
Magnetic  Meridian.— The  line  or  great  circle  in  which  the  magnetic  needle 

sets  at  any  given  place. 
Main  Boad.— The  principal  haulage  road  of  a  mine  from  which  the  several 

crossroads  lead  to  the  working  face. 
Main  Bod  (English).— See  Pump  Mod. 
Main  Bope.— In  tail-rope  haulage,  the  rope  that  draws  the  loaded  cars 

out. 
Makings  (North  of  England).— Small  coal  produced  in  klrvin^.    Fines. 
MdUjLcate  ( Mexican )  .—A  Horse  Wfdm;  now  extended  to  any  hoisting  machine 

used  in  mines. 
Mamposteria  (Mexican).— Mason  work. 
Manager.— An  ofiicial  who  has  the  control  and  sui>ervision  of  a  mine,  both 

under  and  above  ground. 
Man  Engine.— An  apparatus  consisting  of  one  or  two  reciprocating  rods,  to 
which  suitable  stages  are  attached,  used  for  lowering  and  raising  men 
in  shafts. 
Manga  (Spanish).— Canvas  bag  for  straining  amalgam. 
Manhole.— {1)  A  refhee  hole  constructed  in  the  side  of  a  gangway,  tunnel, 
or  slope.    (2)  A  nole  in  cylindrical  boilers  through  wnich  a  man  can 
get  into  the  boiler  to  examine  and  repair  it. 
Mano  (Mexican).— A  grinding  stone  of  an  arrastre,  etc. 
Jtfiantcw  (Mexican).— Jute  or  nenequen,  etc.,  sacks  in  which  ore  or  waste 

is  carried. 
Manteo  (Mexican).- The  act  of  hoisting  ore  or  waste  from  a  mine. 
Manto  (Mexican).— A  blanket  vein. 
Manway.—A  small  passage  used  as  a  traveling  way  for  the  miner,  and  also 

often  used  as  an  airway  or  chute,  or  both. 
MaquiUa  (Spanish).- A  custom  mill. 
Maquiiar  (Mexican).- To  work  ore  for  its  owner  on  shares  or  for  a  money 

payment. 
Marco  ( Mexican )  .—A  weight  of  8  oz. 
ifoW.— Clay  containing  calcareous  matter. 
Marline8pike.—A  sharp  pointed  and  gradually  tapered  round  iron,  used  in 

splicmg  ropes. 
Marmajas  (Spanish).— Concentrated  sulphides. 
Marrow.— A  partner. 
Marsaut  Lamp  —A  type  of  safety  lamp  whose  chief  characteristic  is  the 

multiple-gauze  chimneys. 
Marsh  Oas.—CH^,  often  used  synonymously  with  Firedamp  (seepage  348). 
Jtfate/L— (1)  A  charge  of  gunpowder  put  into  a  paper  several  inches  long,  and 

used  for  Igniting  explosives.    (2)  The  touch  end  of  a  squib. 
Matte.— A  compound  of  iron  and  other  metals,  chiefly  copper,  with  sulphur, 

formed  during  smelting. 
Mattock.— A  kind  of  pick  with  broad  ends  for  digging. 
Maul.— A  driver's  hammer. 

Maundril.—A  pick  with  two  shanks  and  points,  used  for  getting  coal,  etc. 
Mazo  (Mexican).— A  stamp. 
Mear  (Derbyshire).— 32  yd.  along  the  vein. 
Measures.— %traX&. 

Mecha  (Mexican).— A  wick  for  a  lamp  or  candle;  a  torch. 
Merced  (Mexican). — A  gift,  grant,  or  concession.  r^         i 

Meridian.— k  north  ana  south  line,  either  true  or  approximaidPgi^ 
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Metal.^il)  In  coal  mining,  indurated  clay  or  slate.  (2)  An  element  that 
forma  a  base  by  ooml^ning  with  oxygen  that  is  solid  at  ordinary  tem- 
perature (with  exception  ot  quicksHver),  opaque  (except in  the  thinnest 
possible  films),  has  a  metallic  luster,  and  is  a  good  conductor  of  heat 
and  electricity,  and,  as  a  rule,  of  a  higher  specific  gravity  than  the  non- 
metals.  (8)  (Mexican)  All  kinds  of  metalliferous  minerals  are.  called 
"  metal "  in  Mexico.  Metal  de  ^yudo.— Fluxing  ore  of  any  kind.  Mdd 
de  Cbbo.— Very  rich  ore,  usually  treated  in  small  reverberatory  flimaces. 
Metal  Ordinario.— Common  ore.  MeUU  Pepena.-^he  best  class  of  selected 
ore. 

MetlapU  (Mexican).— See  Mano. 

ifia.— Works  for  crushing  and  amalgamating  gold  and  silver  oren. 

Mill  Cinder.— The  slag  from  the  pudaling  Airnace  of  a  rolling  mill. 

Mill  Hole.— An  auxiliary  shaft  connecting  a  stope  or  other  excavation  with 
the  level  below. 

Mill  JBun.— The  test  of  a  given  quantity  of  ore  by  actual  treatment  in  a  mill. 

irtn«.— Any  excavation  made  for  the  extraction  of  minerals. 

Miner.— One  who  mines. 

Mineral.— Any  constituent  of  the  earth's  crust  that  has  a  definite  com- 
position. 

Mineral  OtZ.— Petroleum  obtained  from  the  earth,  and  its  distillates. 

Minero  (Mexican).— A  mine.owner;  a  mining  captain;  an  underground  bo8B. 

Mine  Road.— Any  mine  track  used  for  general  haulage. 

Mine  Run.— The  entire  unscreened  output  of  a  mine. 

Minero  Mayor  ( Mexican ).~The  head  mining  captain.  A  mining  workman 
is  call^  Operario. 

Miners'  Dial.— An  instrument  used  in  surveying  underground  workings. 

Miners'  Inch.— A  measure  of  water  varying  in  different  districts,  being  the 
quantity  of  water  that  passes  through  a  slit  1  in.  high,  of  a  certain  width 
under  a  given  head  (see  pag[e  136). 

Miner's  Right.— An  annual  permit  firom  the  Government  to  occupy  and  work 
mineral  land. 

Mining.-ln  its  broad  sense,  it  embraces  all  that  is  concerned  with  the 
extraction  of  minerals  and  their  complete  utilization. 

Mining  Engineer.— A  man  having  knowledge  and  experience  in  the  many 
departments  of  mining. 

Mining  Retreating.— A  process  of  mining  by  which  the  vein  is  untouched 
until  after  all  the  gangways,  etc.  are  driven,  when  the  mineral  extraction 
begins  at  the  boundary  and  progresses  toward  the  shaft. 

Mistress  (North  of  £nglana).~A  miner's.lamp. 

Mock  Lead  (Cornish).— Zinc  blende. 

MogroUo  (Mexican).— Same  as  Metal  de  Od)o. 

Mail.— A  short  length  of  steel,  rod  tapered  to  a  point,  used  for  cutting 
hitches,  etc. 

MoUmqiie  (Mexican). —A  rich  specimen  of  which  one-half  or  more  is  native 
silver. 

ifonitor.— See  Ounboat. 

Monkeij.— The  hammer  or  ram  of  a  pile  driver. 

Monkerif  Drift.— A  small  drift  driven  in  for  prospecting  purposes,  or  a  crosscut 
driven  to  an  airway  above  the  gangway. 

Monkey  Gangway —A  small  gangway  parallel  with  the  main  gangway. 

Monkey  Rolls.— The  smaller  rolls  in  an  anthracite  breaker. 

Monluy  Shaft.— A  shaft  rising  f^om  a  lower  to  a  higher  level. 

^onocarmZ.— Applied  to  an  area  in  which  the  rocks  all  dip  in  the  same 
direction. 

ifop.— Some  material  surrounding  a  drill  in  the  form  of  a  disk,  to  prevent 
water  from  splashing  up. 

Mortar.— The  vessel  in  which  ore  is  placed  to  be  pulverized  by  a  pestle. 

Mortise.— A  hole  cut  in  one  piece  of  timber,  etc.  to  receive  the  tenon  that 
projects  from  another  piece. 

Mote  {Moat).— A  straw  filled  with  gunpowder,  for  igniting  a  shot. 

Mother  Oate.— The  main  road  of  a  district  in  longwall  working. 

Mother  Lode  {Main  Lode).— The  principal  vein  of  any  district. 

Motive  Column.— The  length  of  a  column  of  air  whose  weight  is  equal  to  the 
difference  in  weight  of  like  columns  of  air  in  downcast  and  upcast  shafts. 
The  ventilating  pressure  in  flimace  ventilation  is  measured  by  the  differ- 
ence of  the  weights  of  the  air  columns  in  the  two  shafts. 
uth.— The  top  of  a  shaft  or  slope,  or  the  entrance  to. a  drift  or  tunnel. 
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.Iff«y2e.— An  iron  ivith  a  sharp  steel   point,  for  driving  into  clefts  when 

levering  off  rock. 
3:fucIUe. — Soft  clay  overlying  or  underlying  coal. 
fkfuckt  (Staffordshire).— Bad  earthy  coal. 
y£ue9caB  (Mexican).— Notches  in  a  stick;  mortises;  notches  cut  in  a  round 

or  square  beam,  for  the  purpose  of  using  it  as  a  ladder. 
Jk£ueader  Lamp.— A.  type  of  saiety  lamp  invented  and  used  in  the  collieries 

of  Belgium.    Its  chief  characteristic  is  the  inner  sheet-iron  chimney  for 

increasing  the  draft  of  the  lamp. 
A£uffie.—A  thin  clay  oven  heated  m>m  the  outside. 
J^iuler.—'Stie  upper   grinding  iron    or    rubbing    shoe    of   amalgamating 

pans,  etc. 
JkfuUock.— Country  rock  and  worthless  minerals  taken  ftt)m  a  mine. 
Jlfitttwiic.— Iron  pyrites. 

Maked  Lifht- A  candle  or  anv  form  of  lamp  that  is  not  a  safety  lamp. 
iVdrrow  lVork.—(l)  All  work  for  which  a  price  per  yard  of  leneth  driven  is 

paid,  and  which,  therefore,  must  be  measured.    (2)  Headings,  chutes, 

crosscuts,  gangways,  etc. 
^atas  (Mexican).— Same  as  Eteoria  or  Orasa. 
Native  Metal.— A  metal  found  naturally  in  that  state. 
Ifaiurttl  refitilatiofi.— Ventilation  of  a  mine  without  either  Aimace  or  other 

artificial  means;  the  heat  imparted  to  the  air  by  the  strata,  men, 

animals,  and  lights  in  the  mine,  causing  it  to  flow  in  one  direction,  or 

to  ascend. 
Neck.—X  cylindrical  body  of  rock  differing  from  the  country  around  it. 
2feedie. — (1)  A  sharp-pointed  metal  rod  with  which  a  small  hole  is  made 

through  the  stemming  to  the  cartridge  in  blastine  operations.    (2)  A 

hitch  cut  in  the  side  rock  to  receive  the  end  of  a  tiniber. 
NegrUlo  (Mexican ).— Black  sulphide  of  silver. 
Nick.— To  cut  or  shear  coal  after  holing. 
Nicking.— {!)  A  vertical  cutting  or  shearing  up  one  side  of  a  face  of  coal.   (2) 

The  chipping  of  the  coal  along  the  rib  of  an  entry  or  room  which  is 

usually  the  first  indications  of  a  squeeze. 
Night  iS^.— The  set  of  men  that  work  during  the  night. 
Nip. — ^When  the  roof  and  floor  of  a  coal  seam  come  close  together,  pinching 

the  coal  between  thepi. 
Nip  Oti^.- The  disappearance  of  a  coal  seam  by  the  thickening  of  the  adjoin- 
ing strata,  which  takes  its  place. 
Niiro.—A  corrupted  abbreviation  for  nitroglycerine  or  dynamite. 
NitHng8.—BietQBe  of  good  ore. 
JVbdtitor.- Blistered  or  kidney-shaped  ore. 

Abduto.— Ck)ncretions  that  are  frequently  found  to  enclose  organic  remains. 
Nogs.—Jjoga  of  wood  piled  one  on  another  to  support  the  roof.  See  Chock. 
Nook.— The  comer  of  a  working  place  made  by  the  face  with  one  side. 
Noria  (Spanish).- An  endless  chain  of  buckets. 
NozsiU.— The  ftont  nose  piece  of  bellows  of  a  blast  pipe  for  a  furnace,  or  of  a 

water  pipe. 
Nugget.— A  natural  lump  of  gold  or  other  metal,  applied  to  any  size  above  2 

.toSdwt. 
Nut  Goal.— A  contraction  of  the  term  chestnut  coal. 
iVtite.— Small  lumps  of  coal  that  will  pass  through  a  screen  or  bars,  the  spaces 

between  which  vary  in  width  from  i  to  2i  in. 

Ooett  (Mexican).— Pitch  pine. 

Odd  work.— Work  other  than  that  done  by  contract,  such  as  repairing 
roads,  constructing  stoppings,  dams,  etc. 

Offtake.— The  raised  portion  of  an  upcast  shaft  above  the  surface,  for  carrying 
off  smoke  and  steam,  etc.,  produced  by  the  furnaces  and  engines  under- 
ground. 

OU  Shale.— Qh&le  containing  such  a  proportion  of  hydrocarbons  as  to  be 
capable  of  yielding  mineral  oil  on  slow  distillation. 

OH  Smdter9.—lieTi  that  profess  to  be  able  to  indicate  where  petroleum  oil  is 
to  be  found. 

Old  ifan.— Old  workings  in  a  mine. 

06liMc.—A  structure  peculiar  to  cert€kin  rocks,  resembling  the  roe  of 
a  fish. 

Open  Om<.— Workings  having  no  roof.  ^         j 

Digitized  by  V^OOQlC 


600  Ope  OLOSSARV.  Pan 

Open  Cutting.— (1)  An  excavation  made  on  the  surface  for  the  purpose  of  get- 
ting a  face  wherein  a  tunnel  can  be  driven.    (2)  Any  surface  excavation. 

Openings,  An  Opening.— Any  excavation  on  a  coal  or  ore  bed,  or  to  reach  the 
same;  a  mine. 

Openwork.— An  open  cut. 

Operario  (Mexican).— A  working  miner.    ' 

Operator.— The  individual  or  company  actually  working  a  colliery. 

Ore.— A  mineral  of  sufficient  value  (as  to  quality  and  quantity),  to  be  mined 
with  profit. 

Ores.— Minerals  or  mineral  masses  ftt>m  which  metals  or  metallic  combina- 
tions can  be  extracted  on  a  large  scale  in  an  economic  manner. 

Ore  Shoot.— A  large  and  usually  rich  aggre^tion  of  mineral  in  a  vein. 
Distinguished  trom.  pay  streak  in  that  it  is  a  more  or  less  vertical  zone 
or  chimney  of  rich  vein  matter  extending  {torn  wall  to  wall,  and  having 
a  definite  width  laterally. 

Oro  (Spanish).— Gold. 

Oroche  (Spanish).— (1)  Retorted  bullion.  (2)  (Mexican)  Bullion  containing 
gold  and  silver. 

Outburst— A  blower.    A  sudden  emission  of  large  quantities  of  occluded  gas. 

Outbye.— In  the  direction  of  the  shaft  or  slope  bottom,  or  toward  the  outjside. 

Outcrop.— The  portion  of  a  vein  or  bed,  or  any  stratum  appearing  at  the  sur- 
face, or  occurring  immediately  below  the  soil  or  diluvial  drift. 

Outcropping.— See  Cropping  Out. 

Outlet.— A  passage  furnishing,  an  outlet  for  air,  for  the  miners,  for  water,  or 
for  the  mineral  mined. 

Output.— The  product  of  a  mine  sent  to  market,  or  the  total  product  of  a  mine. 

Outs^.-The  walling  of  shafts  built  up  above  the  original  level  of  the  ground. 

Outgtroke  Rent— The  rent  that  the  owner  of  a  royalty  receives  on  coal  brought 
into  his  royalty  ftom  adjacent  properties. 

Outtake.— The  passage  by  which  the  ventilating  current  is  taken  out  of  the 
mine;  the  upcast. 

Overburden.— The  coverincr  of  rock,  earth,  etc.  overlying  a  mineral  deposit 
that  must  be  removed  oefore  effective  work  can  be  performed. 

Overcast— A  passage  through  which  the  ventilating  current  is  conveyed  over 
a  gangway  or  airway. 

Overhand  Stoping.— The  ordinary  method  of  stoping  upwards. 

Overlap  FauU.—A  fault  in  which  the  shifted  strata  double  back  over  them- 
selves. 

Overman.- One  who  has  charge  of  the  workings  while  the  men  are  in  the 
mine.    He  takes  his  orders  from  the  Vnderviewer. 

Overwind.— To  hoist  the  cage  into  or  over  the  top  of  the  head-frame. 

Oyamd  (Mexican).— White  pine. 

Paok.— A  rough  wall  or  block  of  coal  or  stone  built  up  to  support  the  roof. 

Packing.— The  material  placed  in  stuffingboxes,  etc.  to  prevent  leaks. 

Pack  WaU.—A  wall  of  stone  or  rubbish  built  on  ^ther  mde  of  a  mine  road,  to 

carry  the  roof  and  keep  the  sides  up. 
Pacos  (Spanish).— Ferruginous  silver  ores. 
Paddock.— (1)  An  excavation  made  for  procuring  wash  dirt  in  shallow 

ground.    (2)  A  place  built  near  the  mouth  of  a  shaft  where  ore  is  stored. 
Paint  Gold.— The  very  finest  films  of  gold  coating  other  minerals. 
Paleozoic— The  oldest  series  of  rocks  m  which  fossils  of  aiiimals  occur. 
Palero  (M.exican).— A  mine  carpenter. 
Palm.— A  piece  of  stout  leather  fitting  the  palm  of  the  hand,  and  secured  by 

a  loop  to  the  thumb;  this  has  a  flat  indented  plate  for  forcing  the  needle. 
Palm  Needle.— A  straight  triangular-sectioned  needle,  used  for  sewing  canvas. 
Palo  (Mexican).— A  stick;  a  piece  of  timber. 
Pan.— A  thin  sheet-iron  dish  16  in.  across  the  top,  and  10  in.  at  the  bottom, 

used  for  panning  gold. 
Panel.— {\)  A  large   rectangular  block  or  pillar  of  coal   measuring,  say, 

130  by  100  yd.    (2)  A  group  of  breasts  or  rooms  separated  flrom  the  other 

workings  by  large  pillars. 
Pana  Working.— A  system  of  working  coal  seams  in  which  the  colliery  Is 

divided  up  into  large  souares  or  panels,  isolated  or  surrounded  by  solid 

ribs  of  coal,  in  each  or  which  a  separate  set  of  breasts  and  piflars  is 

worked,  and  the  ventilation  is  kept  distinct,  that  is,  every  panel  has  its 

own  circulation,  the  air  of  one  not  passing  into  the  adjoining  one,  but 

being  carried  direct  to  the  main  return  airway. 
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PaTwno  (Mexican). —The  peculiar  appearance,  form,  or  manner  in  which 
tlie  metalliferous  minerals  present  themselves  in  any  given  district 
or  mine. 
Ptmning,  or  Panning  OJ.— Separating:  gold  or  tin  ftom  its  accompanying 

minerals  by  washing  off  tne  latter  in  a  pan. 
Parcionero  (Mexican).— A  partner  in  a  mining  contract. 
Parrot  Oxil.^A  kind  of  coal  that  splits  or  cracks  with  a  chattering  noise 

^when  on  the  ftre. 
Partido  (  Mexican)  .—The  division  of  ores  between  partners.  Working  a  mine 
l>y  partido  is  when  the  miners  agree  with  the  owners  to  take  a  certain 
part  of  the  ores  in  place  of  wages.  Usually,  the  mine  owner  provides 
candles,  powder,  and  steel,  and  keeps  the  drills  sharpened,  and  receives, 
in  payment  of  royalty  and  supplies,  two-thirds  or  more  of  the  ore  taken 
out.  This  contract  is  renewed  weekly  or  monthly,  etc.,  and  the  propor- 
tion of  ore  retained  by  the  miners  is  more  or  less,  according  to  the  richness 
of  the  slopes  where  they  work.  This  is  a  cheap  way  of  getting  ore  as  far 
as  labor  is  concerned:  But  the  miners  must  be  constantly  watched; 
otherwise  they  will  leave  the  mine  in  bad  state.  The  proportion  of  ore 
assigned  to  the  miners  is  generally  bought  fW)m  them  by  the  mine 
owner  himself,  for  various  reasons. 
Parting.— {1)  Any  thin  interstratilied  bed  of  earthy  material.    (2)  A  side 

track  or  turnout  in  a  haulage  road. 
PasiUa  (Spanish).— Dry  silver  amalgam. 

Pass. — (1)  A  convenient  hole  for  throwing  down  ore  to  a  lower  level.    (2)  A 
passagre  left  in  old  workings  for  men  to  travel  in  from  one  level  to 
another. 
Pass-By. — A  siding  in  which  cars  pass  one  another  underground.  •  A  turnout. 

Pass-Into.— When  one  mineral  gradually  passes  into  another  without  any 
sudden  change. 

PcUent  Pud.— Small  coal  mixed  with  8  to  lOji  of  pitch  or  tar,  and  compressed 
by  machinery  into  bricks. 

Patented  Claim.— A  claim  to  which  a  patent  right  has  been  secured  from  the 
government,  by  compliance  with  the  laws  relating  to  such  claims. 

Patent  Survey.— An  accurate  survey  of  a  claim  by  a  deputized  surveyor  as 
required  by  law  in  order  to  secure  a  patent  right  to  the  claim. 

Pavement— The  floor. 

Patio  (Mexican).— Any  paved  enclosure  more  or  less  surrounded  by  build- 
ings. An  ore-sorting  yard.  A  floor  or  yard  where  argentiferous  mud  is 
treated  by  amalgamation. 

Pay. — Profitable  ore. 

Pay  IHrt.—Th&t  portion  of  an  alluvial  deposit  that  contains  gold  in  payable 
quantities. 

Pay  OtU.— To  slacken  or  let  out  rope. 

Pay  J^oc*— Mineralised  rock. 

Pay  S«r«i*.— Mineralized  part  of  rock. 

Peach  Stone  (Oomish).— Chlorite  schist. 

Pea  CkKU.^A  small  size  of  anthracite  coal  (see  page  434). 

i'lea^.- Small  coal  about  i  to  f  in.  cube. 

Pecrf.— The  decomposed  partly  carbonized  orsanic  matter  of  bogs,  swamps,  etc. 

Pebble  Jack.— Zinc  blende  in  small  crystals  or  pebble-like  forms  is  not 
attached  to  rock,  but  is  found  in  clay  openings  in  the  rock. 

Pee  (Derbyshire).— A  fragment  of  lead  ore. 

Pdla,  or  Plata  PeUa  (Mexican).— Silver  amalgam.  « 

Penstock.— Qee  Forebay. 

Pent  Hou8e.—A  wooden  covering  for  the  protection  of  sinkers  working  In  a 
pit  bottom. 

Pentice.—A  few  pieces  of  timber  laid  as  a  roof  over  men's  heads,  to  screen 
them  when  working  in  dangerous  places,  e.  g.,  at  the  bottom  of  shafts. 

Pepenado  (Spanish).— Dressed  ore. 

Pepenar  (Mexican).— To  sort  ore. 

Percussion  Table.- A  kind  of  jolting  table  used  in  separating  very  fine  ores 
from  slimes. 

Pcstte.— A  hard  rod  for  pounding  minerals,  etc. 

Peter  Out.— To  "  peter  out "  is  to  thin  out,  or  gradually  decrease  in  thickness. 

PeUaTique  (Mexican).— Ruby  silver. 

Pelrifaetion.—OTga.mc  remains  converted  into  stone. 

Pfct.— (1)  A  toolfor  cutting  and  holing  coal.  (2)  To  dres^the  sides  or  face 
of  an  excavation  with  a  pick.  y  CnOOQ  le 
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Pidcer.-il)  A  small  tool  used  to  pull  up  the  wick  of  a   miner's   lamp. 

(2)  A  person  who  picks  the  slate  Arom  the  coal  In  an  anthracite-coal 

breaker. 
Picking  Chute.— A  chute  in  an  anthracite  breaker  along  which  boys  are 

stationed  to  pick  the  slate  firom  coal. 
Picking  Table.— {1)  A  flat  or  slightly  inclined  platform  on  which  anthracite 

coal  is  run  to  be  picked  free  from  slate.    (2)  A  sorting  table. 
Pico  (Mexican).— A  striking  or  sledge  hammer. 
Picture.— A  screen  to  keep  off  falling  water  from  men  at  work. 
Piedraa  de  Mano  ( Mexican ).~Hand  specimens. 
Pig.— A  piece  of  lead  or  iron  cast  into  a  Ions:  iron  mold. 
Pigiiy  Ttmftmno.— Hollow  pillows  built  up  of  logs  of  wood  laid  doaswise 

for  supporting  heavy  weights. 
Pike.— A  pick. 
Pilar  (Mexican).— A  pillar  of  rock  or  ore  left  to  sustain  some  portion  of  the 

mine. 
Pilch  (Cornish).— Portion  of  lode  worked  by  tributers. 
Pileta  (Mexican).— (1)  A  sump.    (2)  The  basin  or  pot  where  melted  metal 

is  collected. 
Piling. — Long  pieces  of  timber  driven  into  soft  ground  for  the  purpose  of 

securing  a  solid  base  on  which  to  build  any  superstructure. 
Pillar. — (1)  A  solid  block  of  coal,  etc.  varying  in  area  from  a  few  square 

yards  to  several   acres.    (2)  Sometimes  applied  to  a  single  timber 

support. 
PiUar-and-Room.—A  system  of  working  coal  by  which  solid  blocks  of  coal 

are  left  on  either  side  of  the  rooms,  entries,  etc.  to  support  the  roof  until 

the  rooms  are  driven  up,  after  which  they  are  drawn  out. 
PiOar-and-StaU.-See  Breagt-and-PiUar. 

Pillar  iZoada.- Working  roads  or  inclines  in  pillars  having  a  range  of  long- 
wall  faces  on  either  side. 
Pillion  (Ctomlsh).— Metal  remaining  in  slag. 
Pifla  (Mexican).— Same  as  Pella. 
Pinch.— A  contraction  in  the  vein. 
Pinch  Out.— When  a  lode  runs  out  to  nothing. 

Pinta  (Mexican).— The  color,  weight,  grain,  etc.  of  ores,  whereby  it  is  pos- 
sible to  form  some  idea  of  their  richness  in  the  various  metals. 
Pipe.— An  elongated  body  of  mineral.    Also  the  name  given  to  the  fossil 

trunks  of  trees  found  in  coal  veins. 
Pipe  Clay.— A  soft  white  clay. 

Piped  Air.- Air  carried  into  the  working  place  by  pipes  or  brattices. 
Pipino.— Undercutting  and  washing  away  gravel  before  the  water  nozzle. 
Ptt.—{1)  A  shaft.    (2)  The  underground  portion  of  a  colliery,  including  all 

workings.    (3)  A  gravel  pit. 
Pit  Bank.— The  raised  ground  or  platform  where  the  coal  is  sorted  and 

screened  at  the  surfece. 
Pit  Bottom.— The  portion  of  a  mine  immediately  around  the  bottom  of  a  shaft 

or  slope.    See  Shaft  Bottom. 
Pitch.— (1)  Rise  of  a  seam.    (2)  Grade  of  an  incline.    (3)  Inclination. 
PU  CbaZ.— Generally  signifies  the  bituminous  varieties  or  coal. 
Pit  Frame.— See  HeoAl-Prame. 

Fit  Headman.— The  man  who  has  chai^  at  the  top  of  the  shaft  or  slope. 
Pitman.— A  miner;  also,  one  who  looks  after  the  pumps,  etc. 
Pit  Prop.— A  piecejof  timber  used  as  a  temporary  support  for  the  roof. 
Pit  JJaiw.— Mine  rails  for  underground  roads. 

Pit  Room.— The  extent  of  underground  workings  in  use  or  ayailable  for  use. 
PiVs  Eye.— Vit  bottom  or  entrance  into  a  shaft. 
PU.  Ibp.— The  mouth  of  a  shaft  or  slope. 
Place.— The  portion  of  coal  face  allotted  to  a  hewer  is  spoken  of  as  his 

"working  place,"  or  simply  "place." 
Placer.— A  surface  accumulation  of  mineral  in  the  wash  of  streams. 
Placer  itftnmy.— Surface  mining  for  gold  where  there  is  but  little  depth  of 

alluvial. 
Plan.—{\)  The  system  on  which  a  colliery  is  worked  as  LongufaU,  Pfltor- 

andrBreaat,  etc.    (2)   A  map  or  plan  of  the  colliery  showing  outside 

improvements  and  underground  workings.     (3)   (Mexican)   The  rery 

lowest  working  in  a  mine.     Trabajar  de  Han.— To  work  to  gain  depth. 
"-•ncha  (Mexican ).— A  pig  of  lead,  etc.    A  plate,  thick  sheet,  or  mass  of  any 
netal. 
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Jtanehera   (Mexican).— A   mold    of   sand,  earth,  or    iron,  to    form    pigs 

of  lead. 
JPton€.— A  main  road,  either  level  or  inclined,  along  which  coal  is  conveyed 

by  ensine  power  or  gravity. 
JHane  TaSle.^A  simple  surveying  instrument  by  means  of  which  one  can 

plot  on  the  field. 
J'ianilla  (Mexican).— An  inclined  plane  of  mason  work,  wood,  etc.,  on  which 

tailings  are  spread  out,  to  be  concentrated  by  jets  of  water,  skilfully 

applied. 
JHanuiisro  (Mexican).— A  workman  who  devotes  himself  to  concentrating 

tailings,  etc.  on  the  PlanUlas;  always  paid  by  weight,  measure,  or  con- 
centrates produced. 
JHank  Bam.— A  water-tight  stopping  fixed  in  a  heading  constructed  of 

timber  placed  across  the  passage,  one  upon  another,  sidewise,  and 

tightly  wedged. 
J^ank  Tuiobing.—Sha.ft  lining  of  planks  driven  down   vertically  behind 

wooden  cribs  all  around  the  shaft,  all  joints  being  tightly  wedged,  to 

keep  back  the  water. 
JHarU.-^he  shafts  or  slope,  tunnels,  engine  houses,  railways,  machinery, 

workshops,  etc.  of  a  colliery  or  other  mine. 
JHcU,  or  Map.—A  map  of  the  surface  and  underground  workings,  or  of 

either,  to  draw  such  a  map  from  survey. 
JKata  (Spanish).— Silver. 
JHata  BUmca  (Mexican).— Native  silver. 
IHcUa  Cornea  AmariUia  (Spanish).— lodyrite. 
Ptoto  Cbmea  Blanca  (Spanish).— Cerargyrite. 
JHaia  Cornea  Verde  (Spanish).- Embolite. 
IHata  Mixta  (Spanish).— Geld  and  silver  alloy. 
JFiata  Negra  (Spanish).— Argentite. 

Plata  Pasta  (Spanish).— Spongy  silver  bars  after  retorting. 
PUUa  Piha  (Spanish).— Silver  after  retorting. 
JYoto  Verde  (Spanish).— Bromy rite. 
Ptofe(North.of£ngland).— Scaly  shale  in  limestone  beds. 
Pfafe».— Metal  rails  4  ft.  long. 
iYenttm.— A  mode  of  ventilating  a  mine  or  a  heading  by  forcing  fVesh  air 

into  it. 
Plomada  (Mexican).— A  plumb-line  or  plumb-bob. 
PUmb  d*  Oeuvre  ( French ) .—Dressed  galena. 
PtomiUos  (Mexican).— Snots  of  lead  found  in  slags. 
Ptomo  (Spanish).— Lead,  galena. 
Plugging.— When  drift  water  forces  its  way  through  the  puddle  clay  into 

tne  shaft,  holes  are  bored  throusrh  the  slabs  near  the  leakage  point,  and 

plugs  of  clay  forced  into  them  until  the  leakage  is  stopped. 
P«t*ni5.— Vertical. 
Piumm^.—{1)  A  heavy  weight  attached  to  a  string  or  fine  copper  wire  used 

for  determining  the  verticality  of  shaft  timbering.    (2)  A  plumb-bob  for 

setting  a  surveying  instrument  over  a  point. 
Plunger.— The  solid  ram  of  a  force  pump  working  in  the  plunger  case. 
Plunger  Case.— The  pump  cylinder  or  barrel  in  which  the  plunger  works. 
Plusn  Ctopper.— Chalcotrichite. 
Plwm  (Welsh).— Lead. 

PoMar  (Mexican).— To  set  men  at  work  in  a  mine. 
Pocket.— (1)  A  thickening  out  of  a  seam  of  coal  or  other  mineral  over  a  small 

area.    (2)  A  hopper-shaped  receptacle  from  which  coal  or  ore  is  loaded 

into  cars  or  boats. 
Podar  (Cornish}.— Copper  pyrites. 
Pole  Tools. — Drilling  tools  used  in  drilling  in  the  old  fashion,  with  rods,  now 

superseded  by  the  rope-drilling  method. 
Polroz  (Cornish).— Waterwh eel  pit. 
Po^np.— Refining  metal,  when  in  a  molten  condition,  by  stirring  it  up  with  a 

green  pole  of  wood. 
Poll  Pick.— A  pick  having  the  longer  end  pointed  and  the  shorter  end  ham- 
mer-shaped. 
PolviUos  (Spanish).- Rich  ores  or  concentrates. 
PolvouUa  (Spanish).- Black  silver. 

Poppet  Heads.— The  pulley  fitime  or  hoisting  gear  over  a  shaft. 
Popjpet  (Puppet).— {1)  A  pulley  frame  or  the  nead-gear  over  a  shaft.    (2)  A 

valve  that  lifts  bodily  from  its  seat  instead  of  being  hinged. 
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P09t.^{l)  Any  upright  timber;  applied  particularly  to  the  timbers  used  for 
propping.  See  Prop.  (2)  Local  term  for  sandstone.  Post  stone  may  be 
'•strong/'  "framey,"  "short,"  or  "broken." 

Po8t-and-StaU.^A  system  of  working  coal  much  the  same  as  PiUar-andStaR. 

Post  Tlntiary.— Strata  younger  than  the  Tertiary  formation. 

Pol  Bottom.— K  large  boulder  in  the  roof  slate,  having  the  appearance  of  the 
rounded  bottom  of  a  pot,  and  which  easily  becomes  detached. 

Pot  Qrowan  (Cornish).— Decomposed  granite. 

Pot  Hole.— A  circular  hole  in  the  rock  caused  by  the  action  of  stones  whirled 
around  by  the  water  when  the  strata  was  covered  by  water.  They  are 
generally  filled  with  sand  and  drift. 

Power  Drill.— A  rock  drill  employing  steam,  air,  or  electricity  as  a  motor. 

Prian  ( Cornish )  .—Soft  white  clay. 

Pricker.— {I)  A  thin  brass  rod  for  making  a  hole  in  the  stemming  when 
blasting,  for  the  insertion  of  a  ftise.  (2)  A  piece  of  bent  wire  by  which 
the  size  of  the  flame  in  a  safety  lamp  is  regulated  without  removing  the 
top  of  the  lamp. 

PriU.—{l)  An  extra-rich  stone  of  ore.    (2)  A  bead  of  metal. 

Prona  (English).— The  forked  end  of  the  bucket-pump  rods  for  attachment  to 
the  traveling  valve  and  seat. 

Prop.— A  wooden  or  cast-iron  temporary  sopiwrt  for  the  roof. 

Propptn^/.— The  timbering  of  a  mine. 

Pro8pect.—The  name  given  to  underground  workings  whose  value  has  not 
yet  been  made  manifest.  A  prospect  is  to  a  mine  what  mineral  is 
to  ore. 

Prospect  Hole.- Any  shaft  or  drift  hole  put  down  for  the  purpose  of  prospect- 
ing the  ground. 

Prospect  Tunnel  or  Entry.— A  tunnel  or  entry  driven  through  barren  measures 
or  a  fault  to  ascertain  the  character  of  strata  beyond. 

P'ospecting.— Examining  a  tract  of  country  in  search  of  minerals. 

Prospector.— One  engaged  in  searching  fw  minerals. 

Protector  Lamp.— A  safety  lamp  whose  flame  cannot  be  exposed  to  the  oat- 
ward  atmosphere,  as  the  action  of  opening  the  lamp  extinguishes  the 
light. 

Prove.— (1)  To  ascertain,  by  boring,  driving,  etc.,  the  position  and  character 
'  of  a  coal  seam,  a  fault,  etc.  (2)  To  examine  a  mine  in  search  of  fire- 
damp, etc.,  known  as  "  proving  the  pit." 

Proving  Hole.—{l)  A  bore  hole  ariven  for  prospecting  purposes.  (2)  A 
small  heading  driven  in  to  find  a  bed  or  vein  lost  by  a  dislocation  of 
the  strata,  or  to  prove  the  quality  of  the  mineral  in. advance  of  the 
other  workings. 

Pudding  Machine.— A  circular  machine  for  washing  pay  dirt.     . 

Pudding  iJocA:.— Conglomerate. 

Puddle.— {1)  Earth  well  rammed  into  a  trench,  etc.,  to  prevent  leaking. 
(2)  A  process  for  converting  cast  iron  into  wrought  iron. 

PuebU  (Mexican}.— The  actual  working  of  a  mine;  the  aggregation  of 
persons  employed  therein. 

Puerto^  (Mexican).— Massive  barren  rocks,  or  "  horses,"  occurring  in  a  vein. 

Pug  Mill.— A  mill  for  preparing  clay  for  bricks,  pottery,  etc. 

PiUley.—{l)  The  wheel  over  which  a  winding  rope  passes  at  the  top  of  the 
head-gear.  (2)  Small  wooden  cylinders  over  which  a  winding  rope  is 
carried  on  the  floor  or  sides  of  a  plane. 

Ptdleying. -Overwinding  or  drawing  up  a  cage  into  the  pulley  fhune. 

P%Up.— Crushed  ore,  wet  or  dry. 

Pump.— Any  mechanism  for  raising  water. 

Pump  Bob.— See  Bob. 

Pumn  Ring.— A  flat  iron  ring  that,  when  lapped  with  tarred  baize  or  engine 
snag,  secures  the  joints  of  water  columns. 

Pump  Rods.—Ue&\y  timbers  by  which  the  motion  of  the  engine  is  trans- 
mitted to  the  pump.  In  Cornish  and  bull  pumps,  the  weight  of  the  rods 
makes  the  eflleetive  (pumping)  stroke,  the  engine  merely  uffcing  the  rods 
on  the  up  stroke. 

Pump  Slope.— A  slope  used  for  pumping  machinery. 

Pump  Station.— An  enlargement  made  in  the  shaft,  slope,  or  gangway,  to 
receive  the  pump. 

Pump  TVcc.— Cast-iron  pipes,  generally  9  ft.  long,  of  which  the  column  or  set 
is  formed. 
ch-and-Thirl.—A  kind  of  pillar-and-stall  system  of  working. 
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Punch  Brop.—A  short  timber  prop  set  on  the  top  of  a  crown  tree,  or  used  in 

holdinfiT,  as  a  sprag. 
JPutty  Stofiee.-'Qott  pieces  of  decomposed  rock  found  in  placer  deposits. 
Pymn  ( Cornish ).^ee  Prion. 
I*yrite9. — Sulphide  of  iron. 
I^yrometer,— An  instrument  for  measuring  high  degrees  of  heat. 

Oaajado  (Spanish).— Dull  lead  ore. 


Qtiarru. — (1)  An  open  sur&ce  excayation  for  working  valuable  rocks  or 
minerals.    (2)  An  underground  excavation  for  obtaining  stone   for 
stowage  or  pack  walls. 
Quov-fe  Budfcel.— A  bucket  for  hoisting  quartz. 
Quaternary.— Post-tertiarv  period. 
Quemadero  (Mexican).— A  burning  place;  a  retorting  fbmace  for  silver  or 

sold  amalgam. 
Quemados  (Mexican).— Burnt  stuff.    Any  dark  cinder-like  mineral  encoun- 
tered in  a  vein  or  mineral  deposit,  generally  manganiferous. 
Qtc«fi»e  (Mexican).— A  roast  of  ore;  the  process  of  roasting  ore. 
Quick  (Adjective).— Soft,  running  ground;  an  ore  or  pay  streak  is  said  to  be 
quickening  when  the  associated  minerals  indicate  richer  mineral 
ahead.    Quiet  (Noun).— (1)  Productive.    (2)  Mercury. 
Eiidbsand.— Soft  watery  strata  easily  moved,  or  readily  yielding  to  pressure. 
*  Suer.— Mercury. 
>  (Spanish).— Carat. 
.._^.|Nma  (Mexican).— A  watchman  that  searches  the  miners  as  they 
oome  out  at  the  mouth  of  a  mine. 

Ralilian  (Cornish).— Yellow  dry  gossan. 

RabbHng.— Stirring  up  a  charfi:e  of  ore  in  a  reverberatory  ftimace  with 

specially  designed  iron  rods. 
Race. — A  channel  for  conducting  water  to  or  from  the  place  where  it  per- 
forms work.    The  former  is  termed-  the  headrace,  and  th^  latter  the 

tailrace. 
Rack  (Cornish).— A  stationary  huddle. 
Raff.-— The  coarse  ore  after  crushing  by  Cornish  rolls. 
Raffpin  (Comi8h).^Poor  ore. 

Raff  Whed.—A  revolving  wheel  with  side  buckets  for  elevating  the  raff. 
Renter  Tbnbering.—TlieX  in  which  the  timbers  appear  like  roof  rafters. 
Rag  Burning  (Cornish).— The  first  roasting  of  tin-witts. 
Ragging  (Cornish).    Rough  cobbing. 
Rag  II'Aeel.— Sprocket  wheel.    A  wheel  with  teeth  or  pins  that  catch  Into  the 

links  of  chains. 
J2aito.— The  iron  or  steel  portion  of  the  tramway  or  railroad. 
Rake  (Cornish).— (1)  A  vein.    (2)  (Derbyshire)  Fissure  vein  crossing  strata. 
12am.— (1)  The  plunger  of  a  pump.    (2)  A  device  for  raising  water. 
Ramal  (Mexican).— A  branch  vein. 

JgaiiKifcor  (Mexican).— To  branch  off  into  various  divisions. 
iSamUe.— Stone  of  little  coherence  above  a  seam  that  falls  readily  on  the 

removal  of  the  coal.    See  Following  Stone. 
Ranee.— A  pillar  of  coal. 
Rapper.— A  lever  with  a  hammer  attached  at  one  end,  which  signals  by 

striking  a  plate  of  metal,  when  the  signaling  wire  to  which  it  is  attached 

is  pulled. 
Ra»JL—A  term  used  to  designate  the  bottom  of  a  mine  when  soft  and  slaty. 
RaatriUo  (Mexican).— A  rake;  a  stirrer  for  moving  ore  in  a  furnace. 
Raatron  (Mexican).— A  Chilian  mill. 
Raw  Ore.— Not  roasted  or  calcined. 

Re€icher.—A  slim  prop  reaching  from  one  wall  to  the  other. 
Reamer.— An  enlarging  tool, 
leramin^.— Enlarging  the  diameter  of  a  bore  hole. 
Receiving  Pit.— A  shallow  pit  for  containing  material  run  into  it. 
Red-Ash  Cbo/.— Coal  that  produces  a  reddish  ash,  when  burnt. 
Red  Rob  (Cornish).— Red  slaty  rock. 
Reduced.— When  a  metal  is  freed  fh>m  its  chemical  associate  it  is  said  to  be 

reduced  to  the  metallic  state. 
Reduction  TTorJba.— Works  for  reducing  metals  from  their  ores. 
Re^.—{1)  A  vein  of  qtiartz.    (2)  Bed  rock  of  alluvial  claims. 
Re^  Drive,— In  alluvial  mines,  drives  made  in  the  country  rock  or  reef. 
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Refining.— The  freeing  of  metals  from  impurities. 

^roctorw.— Rebellious  ore,  not  easiljr  treated  by  ordinary  proceases. 

R^^ige  HcU.—A  place  formed  in  the  side  of  an  underground  plane  in  which 

a  man  can  take  refUge  during  the  passing  of  a  train,  or  when  shots  are 

fired. 
Regtdator.—X  door  in  a  mine,  the  openinfir  or  shutting  of  which  regulates  the 

supply  of  ventilation  to  a  district  of  the  mine. 
Regulu8.—8ee  Matte. 
Rdampoffo,  or  Relampcumear  (Mexican).— The  brightening  of  the   silver 

button  during  cupeUation. 
Reliz  (Spanish).— Wall  of  lode. 
Rendir  (Mexican).— Is  when  all  the  silver  has  been  ataalgamated  in  a  heap 

of  argentiferous  mud  on  a  patio. 
Rendrock.—A  variety  of  dynamite. 
Repairman.— A  workman  whose  duty  it  is  to  repair  tracks,  doors,  brattices. 

or  to  reset  timbers,  etc.,  under  the  direction  of  the  foreman. 
Repaso-R^^Hisar  (Mexican).— The  art  of  mixing  up  the  mud  heaps  in  the 

patio  process  of  amalgamation  by  treading  them  over  with  norses  or 

mules. 
JEqxw  Adero  (Mexican).— The  bottom  of  a  crucible  or  pot  in  an  upright 

smelting  furnace. 
Rescatadores  (Mexican).— Ore  buyers, 
i^caervc.- Mineral  already  opened  up  by  shafts,  winzes,  levels,  etc.,  which 

may  be  broken  at  short  notice  for  any  emergehcy. 
Reservoir.— An  artificially  built,  dammed,  or  excavated  place  for  holding  a 

reserve  of  water. 
Respaldos  (Mexican).— The  walls  enclosing  a   vein.    Regpaldo  Alt/}.— The 

hanging  wall.    Respaldo  Bajo.— The  foot-wall. 
Reels,  ^eps,  Mnf7«.— Supports  on  which  a  cage  rests  when  the  loaded  car 

is  being  taken  off  and  the  empty  one  put  on. 
Re8tui.—&ee  Stripping. 
Retort.— (!)  A  vessel  with  a  long  neck,  used  for  distilling  the  quicksilver 

from  amalgam.    (2)  The  vessel  Used  in  distilling  zinc. 
Return.— The  air-course  along  which  the  vitiated  wr  of  a  mine  is  returned 

or  conducted  back  to  the  upcast  shaft. 
Return  .4ir.— The  air  that  has  been  passed  through  the  workings. 
Reverberatory.—A  class  of  ftimaces  in  which  the  flame  fit>m  the  fire-grate  is 

made  to  beat  down  on  the  charge  in  the  body  of  the  ftimace. 
Reversed  FatUi.—See  Overlap  Fault. 
Rib.— The  side  of  a  pillar. 

Rib-and-PiUar.—A  system  of  working  similar  to  PiOar-and-Stali: 
Ribbon.— A  line  of  bedding  or  a  thin  bed  appearing  on  the  cleavage  surface 

and  sometimes  of  a  different  color. 
^*Vrfc.— Open  heap  in  which  coal  is  coked. 
Ridding. — Clearing  away  fallen  stone  and  debris. 
Riddle.— An  oblong  frame  holding  iron  bars  parallel  to  each  other,  used  for 

sifting  material  that  is  thrown  against  it. 
Ride,  Riding.— To  be  conveyed  on  a  cage  or  mine  car. 
Rider.— {\)  A  guide  frame  for  steadying  a  sinking  bucket.    (2)  Boys  that 

ride  on  trips  on  mechanical  haulage  roads,    (3)  A  thin  seam  of  coal 

overlying  a  thicker  one. 
Riffl£,  or  iJfppte.— Crosspieces  placed  on  the  bottom  of  a  sluice  to  save  gold: 

or  grooves  cut  across  inclined  tables. 
Right  shorr.^The  right  shore  of  a  river  is  on  the  right  hand  when  descend- 
ing the  river. 
RiU.— The  coarse  ore  at  the  periphery  of  a  pile. 
Rim  Rock.— Bed  rock  forming  a  boundary  to  gravel  deposit. 
Ring.—{1)  A  complete  circle  of  tubbing  plates  placed  round  a  circular  shaft. 

(2)  Troughs  placed  in  shafts  to  catch  the  falling  water,  and  so  arranged 

as  to  convey  it  to  a  certain  point, 
i^tppina.— Removing  stone  from  its  natural  position  above  the  seam. 
Riscos  (Mexican).— Sharp  and  precipitous  rocks;  amorphous  quartz  found 

.    in  veins  or  outcrops. 
Rise.— The  inclination  of  the  strata,  when  looking  up  the  pitch. 
Rise  TForJfcinfiFS.— Underground  workings  carried  on  to  the  nae  or  high  side 

of  the  shaft. 
'*«flr  Mnint/.— Working  beds  of  existing  rivers  by  deflecting  their  courw 

or  by  dredging. 
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Road. — (1)  Any  underground  passageway  or  galler}*.    (2)  The  iron  rails, 

etc.  of  underground  roads. 
Roa«££9»j7.— Heating  ores  at  a  temperature  sufficient  to  cause  a  chemical 

cliauge,  but  not  enough  to  smelt  them. 
Rob. — ^To  cut  away  or  reduce  the  size  of  miliars  of  coal. 
Robbing.— The  taking  of  mineral  Arom  pillars. 
Robbing  an  Entry.— 8ee  Drawing  an  Eniry. 
Rock. — ^A  mixture  of  diflferent  minerals  in  varying  proportions. 
Rock  Breaker.— A  machine  for  reducing  ore  in  size  by  crunching  it  between 

r>werful  jaws. 
ChtUe.—See  SUUe  Chute. 
Rock  Thrill.— A  rock-boring  machine  worked  by  hand,  compressed  air,  steam, 

or  electrical  power. 
Rocker. — See  CVadfe. 
Rock  I'b.tiU.-A  replacement  of  a  coal  seam  over  greater  or  less  area,  by  some 

otber  rock,  usually  sandstone. 
Sodding. — The  operation  of  fixing  or   repairing  wooden   eye  guides  in 

slhaits. 
Roll. — An  inequality  in  the  roof  or  floor  of  a  mine. 
Roller.— A  small  steel,  iron,  or  wooden  wheel  or  cylinder  upon  which  the 

bauling  rope  is  carried  just  above  the  floor. 
RoUeyway.—A  main  haulage  road. 
Rolling  Ground.— When  the  surface  is  much  varied  by  many  small  hills  and 

valleys. 
/iott«.— <:!a8t-iron  cylinders,  either  plain  or  fitted  with  steel  teeth,  used  to 

break  coal  and  other  materials  into  various  sizes. 
Roof.—T^e  top  of  any  subterranean  passage. 
Room. — Synonymous  with  Breast. 

Room-and-Rance.—A  system  of  working  coal  similar  to  Pillar-nnd-StaU. 
Rope  Roll.— The  drum  of  a  winding  engine. 
Ro9iclara  (Spanish).— Ruby  silver  ore. 
Roughs  (Cornish).— Second  quality  tin  sands. 
Rourid  Coal.— CoslI  in  large  lumps,  either  hand-picked,  or,  after  passing  over 

screens,  to  take  out  the  small. 
JRoyoZ^.— The  price  paid  per  ton  to  the  owner  of  mineral  land  by  the  lessee. 
Rubbing  Sur/ace.—The  total  area  of  a  given  length  of  airway;  that  is,  the 
area  of  top,  bottom,  and  sides  added  together,  or  the  perimeter  multi- 
plied by  the  length. 
Rubble.— Coaxfie  pieces  of  rock. 

Rumbo  (Mexican).— The  course  or  direction  of  a  vein. 
Run. — (1)  The  sliding  and  crushing  of  pillars  of  coal.    (2)  The  length  of  a 

lease  or  tract  on  the  strike  of  the  seam. 
Run  Ooal.—8ott  bituminous  coal. 

Rung,  Rundle,  or  Round.— A  step  or  cross-bar  of  a  ladder. 
Runner.— A  man  or  boy  whose  duty  it  is  to  run  mine  cars  by  gravity  from 

working  places  to  the  gangway. 
Running  Lift.— A  sinking  set  of  pumps  constructed  to  lengthen  or  shorten 

at  will,  ny  means  of  a  sliding  or  telescoping  wind  bore. 
Rush.— All  old-fiEishioned  way  of  exploding  blasts  by  filling  a  hollow  stalk 

with  slow  powder  and  then  igniting  it. 
Rush  Q6ld.—Go\A  coated  with  oxide  of  iron  or  manganese. 
Rush  Together.— %ee  Caved  In. 
litisiy.— Stained  by  iron  oxide. 

Seot  (Mexican).— A  bagftil  of  ore.    A  mine  is  said  to  be  cfe  huena  saca  when 

it  has  large  quantities  of  ore  easy  to  get  out. 
Saddle.— An  anticlinal,  a  hogback. 
Saddleback.— A  depression  in  the  strata.    See  RoU. 
Saddle  Re^.—A  reef  having  the  form  of  an  inverted  V. 
Safety  Cage.— A  cage  fitted  with  an  apparatus  for  arresting  its  motion  in  the 

shaft  in  case  the  rope  breaks. 
Safety  Ctor.— See  Barney. 

Saifety  Ootoy^.— Appliances  fitted  to  cages,  to  make  them  safety  cages. 
Safety  Door.— A  strongly  constructed  door,  hinged  to  the  roof,  and  always 

kept  open  and  hung  near  to  the  main  door,  for  immediate  use  when 

main  door  is  damaged  by  an  explosion  or  otherwise. 
Safdy  Fuse.— A  cord  with  slow-burning  powder  in  the  center  for  exploding 

charged  blast  holes. 
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Sc^fely  Lamp.— A  miner's  lamp  in  which  the  flame  is  protected,  in  sacb  i 
manner  that  an  explosive  mixture  of  air  and  firedamp  can  be  detected 
by  the  mixture  burning  inside  the  gauze. 

Sag.— A  depression,  e.  g..  in  ropes,  ranges  of  mountains,  ^tc. 

Sa^e,  or  Seggar.—A  local  term  for  fireclay,  often  forming  the  floor  (or  thill; 
of  coal  E 


Salting.— {1)  Changing  the  value  of  the  ore  in  a  mine  or  of  ore  sample 

befbre  they  have  been  assayed,  so  that  the  assay  will  show  much  iugiiei 

values  thaii  it  should.    (2)  Sprinkling  salt  on  the  floors  of  underground 

passages  in  very  dry  mines,  in  order  to  lay  the  dust. 
Samnler.—{1)  An  instrument  or  apparatus  for  taking  samples.    (  2 )  One  whose 

auty  it  IS  to  select  the  samples  for  an  assay,  or  to  prepare  the  mioerai 

to  be  assayed,  bv  grinding  and  sampling. 
Sampling  Works.— WorkB  for  sampling  and  determining  the  values  obtained 

in  ores;  where  ores  are  bought  and  sold. 
Samson  Post— An  upright  supporting  the  working  beam  that  communicatee 

oscillatory  motion  to  pump  or  dnll  rod. 
Sand  Ba^.—A  bag  filled  with  sand  for  preventing  a  washout  by  obstructing 

the  flow. 
Sand  Pump.— A  sludger;  a  cylinder  provided  with  a  stem  (or  other)  valve. 

lowered  into  a  dnll  hole  to  remove  the  pulverized  rock. 
Scaffolding.— IncmstAtlonfi  on  the  inside  of  a  blast  ftimace. 
Scale.— (1)  A  small  portion  of  the  ventilating  current  in  a  mine  paaan? 

through  a  certain  size  of  aperture.    (2)  The  rate  of  wages  to  be  paid. 

which  varies  under  certain  contingencies. 
Scale  £>oor.—See  Regulator. 

Scallop.— To  hew  coal  without  kirving  or  nicking  or  shot  firing. 
iScAi«L— Crystalline  or  metamorphic  rocks  having  a  slaty  structure. 
ScAu/c— See  ChuU. 
Sdaaors  Fatdt.-A  £Etult  of  dislocation,  in  which  two  beds  are  thrown  so  as  to 

cross  each  other. 
Scoop.— A  large-sized  shovel  with  a  scoop-shaped  blade. 
Scona.— Ashes. 

Scorifler.—A  small  dish  used  in  assaying. 
Scovan  (Cornish ).~A  tin  lode  showing  no  gossan  at  surface. 
Scove  (Cornish).— Purest  tin  ore. 
Scrammtnj7.-^leaning  up  small  bodies  or  patches  of  ore  left  in  the  ordinary 

process  of  mining. 
Scraper.— {1)   A  tool  for  cleaning  the  dust  out  of  the  bore  hole.    (2)  A 

mechamcal  contrivance  used  at  coUeries  to  scrape  the  culm  or  slack 

along  a  trough  to  the  place  of  deposit. 
Scrapper.— A  local  name  nven  to  parties  that  pick  up  the  ore  left  on  dumps. 
Screen.— (1)  A  mechanical  apparatus  for  sizing  matmals.    (2)  A  cloth  brat- 
tice or  curtain  hung  across  a  road  in  a  mine,  to  direct  the  ventilation. 
Serin  (Derbyshire).— A  small  vein. 
Scrowl  (Cornish).- Loose  ore  where  a  vein  is  crossed. 
SctUping. —Fr&ctuTing  the  slate  along  the  grain,  i.  e.,  across  the  cleavage. 
Scupper  Nails.— Hails  with  broad  heads,  for  nailing  down  canvas,  etc. 
Sea  Coal. — That  Which  is  transported  by  sea. 

Sealing.— Shutting  off  all  air  from  a  mine  or  a  part  of  a  mine  by  stoppings. 
Seam.— (1)  Synonj^mous  with  Bed,  Vein,  etc.    (2)  (Cornish)  A  horse  load 

of  ore. 
Seam-Out.-A  term  applied  to  a  shot  or  blast  that  has  simply  blown  out  a  softer 

stratum  of  the  deposit  in  which  it  was  placed,  without  dislodging  the 

other  strata  or  layers  of  the  seam. 
Second  Outlet  {Second  Opening).— A  passageway  out  of  a  mine,  for  use  in  ease 

of  accident  to  the  main  outlet. 
Seconds.— The  second-class  ore  of  a  mine  that  requires  dressing. 
Second  Working.— The  operation  of  getting  or  working  out  the  pillars  formed 

by  the  first  working. 
Section.— (!)  A  vertical  or  horizontal  exposure  of  strata.    (2)  A  drawing  or 

sketch  representing  the  rock  strata  as  cut  by  a  vertical  or  a  horizontal 

plane. 
Sedimentary  Rocks.— Rocks  formed  ftom  deposits  of  sediment  by  wind  or 

water. 
Seedbag.—A  water-tight  packing  of  flaxseed  around  the  tube  of  a  drill  hole. 

to  prevent  the  influx  into  the  hole  of  water  flrom  above. 

re<7aWon».— Detached  portions  of  veins  in  place. 
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Se^-AcUng  Plane.— An  inclined  plane  upon  which  the  weight  or  force  of 

nayity  actine  on  the  Aill  cars  is  sufficient  to  oyercome  the  resistance  of 

the  empties;  m  other  words,  the  ftill  car,  running  down,  pulls  the  other 

car  up. 

S^^-Detacking  Hook.— A  self-acting  hook  for  setting  flree  a  hoisting  rope  in 

case  of  overwinding. 
S^lf-Feeder8.—A\iiomeLtic  appliances  for  feeding  ore-dressing  machines. 
JSclwigc—The  clay  seam  on  the  walls  of  veins;  gouge. 
Separation  Doors.— The  main  doors  at  or  near  the  shaft  or  slope  bottom, 

which  separate  the  intake  fix>m  the  return  airways. 
S^jparation  Valve.— A  massive  cast-iron  plate  suspended  fW)m  the  roof  of  a 
return  airway  through  which  all  tne  return  air  of  a  separate  district 
flows,  allowing  the  atr  to  always  flow  past  or  underneath  it;  but  in 
the  event  of  an  explosion  of  gas,  the  force  of  the  blast  closes  it  against 
its  flrame  or  seating,  and  prevents  a  communication  with  other  districts. 
The  blast  being  over,  the  weight  of  the  valve  allows  it  to  return  to  its 
normal  position. 
Set. — ^To  fix  m  place  a  prop  or  sprag. 
Set  Hammer.-The  flat-faced  hammer  held  on  hot  iron  by  a  blacksmith  when 

shaping  or  smoothing  a  surface  by  aid  of  his  striker's  sledge. 
Set  of  TimSer.-The  timoers  which  compose  any  fhiming,  whether  used  in 
a  shaft,  slope,  level,  or  gangway.  Thus,  the  four  pieces  forming  a  sin]^le 
course  in  the  curbing  of  a  shaft,  or  the  three  or  four  pieces  forming 
the  legs  and  collar,  and  sometimes  the  sill  of  an  entry  fhuning  are 
together  called  a  set  of  timber,  or  timber  set. 
Sha>ckte.—A  U-shaped  link  in  a  chain  closed  by  a  pin;  when  the  latter  is  with- 
drawn the  chain  is  severed  at  that  point 

Shadd  (Cornish).— Rounded  fragments  of  ore  overlying  a  vein. 

Shaft.— A  vertical  or  highly  inclined  pit  or  hole  made  through  strata,  through 
which  the  product  of  the  mine  is  noisted,  and  through  which  the  venula- 
tion  is  passed  either  into  or  out  of  the  mine.  A  shaft  sunk  from  one 
seam  to  another  is  called  a  **  blind  shaft." 

Shqft  P»2tor.— Solid  material  left  unworked  beneath  buildings  and  around 
the  shaft,  to  support  them  against  subsidence. 

ShaMng  Table.— An  inclined  table  for  concentrating  fine  grains  of  ore,  which 
is  rapidly  shaken  by  a  short  motion 

S7idle.—Cl)  Strictly  speaking,  all  argillaceous  strata  that  split  up  or  peel  off* 
in  thin  laminse.  (2)  A  laminated  and  stratified  sedimentary  deposit  of 
clay,  often  impregnated  with  bituminous  matter. 

Sfiank.—The  body  portion  of  any  tool,  up  fh)m  its  cutting  edge  or  bit. 

SAearinflT.— Cutting  a  vertical  groove  in  a  coal  face  or  breast.  The  cutting  of 
a  "  fast  end  "  of  coal. 

STiear  Legs.- A  high  wooden  frame  placed  over  an  engine  or  pumping  shaft 
fitted  with  small  pulleys  and  rope  for  lifting  heavy  weights. 

SfiearSt  or  Sheers  (English).— Two  tall  poles,  with  their  feet  some  distance 
apart  and  their  tops  fastened  togethei',  for  supporting  hoisting  tackle. 

Shear  JZimc.— Hogback. 

Sheave.— A  wheel  with  a  grooved  circumference  over  which  a  rope  is  turned 
either  for  the  transmission  of  power  or  for  winding  or  hauling. 

Sheet  Pump.— See  Sludger. 

Sheets.— Co&Tse  cloth  curtains  or  screens  for  directing  the  ventilating  current 
underground. 

ShdLy.—A  name  applied  to  coal  that  has  been  so  crushed  and  fractured  that 
it  easily  breaks  up  into  small  pieces.  The  term  is  also  applied  to  a  lami- 
nated roof  that  sounds  hollow  and  breaks  into  thin  layers  of  slate  or 
diale. 

Shet  ( Stafibrdshire)  .—Fallen  roof  of  coal  mine. 

Sheth.—A-n.  old  term  denoting  a  district  of  about  eight  or  nine  adjacent  bords. 
Thus,  a  "  sheth  of  bords/*  or  a  "  sheth  of  pillars." 

Shaft.— 0)  The  number  of  hours  worked  without  change.    (2)  A  gang  or 
force  of  workmen  employed  at  one  time  upon  any  work,  as  the  day  shift, 
or  the  night  shift. 
Shoad  (Cornish).— See  Shadd. 
Shoading  ( Cornish )  .—Prospecting. 

Shoe.—{l)  A  steel  or  iron  guide  piece  fixed  to  the  ends  or  sides  of  cages,  to 
fit  or  run  on  the  conductors.  (2)  The  upper  working  face  of  a  stamp  or 
grinding  pan.  (3)  The  lower  capping  or  any  post  or  pile,  to  protect  its 
end  while  driving.    (4)  A  wooden  or  sheet-iron  frame  or  muff  arranged 
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at  the  bottom  of  a  shaft  while  sinking  through  quicksand,  to  prevent  tb 

inflow  of  sand  while  inserting  the  shaft  lining. 
Shoot,  Chute,  ShuU.—{l)  A  run  of  rich  material  in  a  vein.    (2)  An  incline< 

or  vertical  trough  or  pipe  for  conveying  materials  fh>m  a  bigiief  to  t 

lower  level. 
Shoot.— To  break  rock  or  coal  by  means  of  explosives. 
Shootifui.— Blasting  in  a  mine. 
Shore  (English).— A  studdle  or  thrusting  stay. 
Shore  ife.— To  stay,  prop  up,  or  support  qy  braces. 
Shot.^Cl]  A  charge  or  blast.    (2)  The  firing  of  a  blast.    (3)   Injured  by  a 

blast. 
Shot'Firer.—See  Shot  Lighter. 
Shot  Hole.— The  bore  hole  in  which  an  explosive  substance  is  placed  for 

blasting. 
Shot  Lighter,  or  Shot  Firer.—A  man  specially  appointed  by  the  manager  of 

the  mine  to  fire  off  every  ^ot  in  a  certain  district,  if,  after  he  has 

examined  the  immediate  neighborhood  of  the  shot,  he  finds  it  fSree  from 

gas,  and  otherwise  safe. 
Shotty  6oM.— Granular  pieces  like  shot. 
Show.—Vfhen  the  flame  of  a  safety  lamp  becomes  elongated  or  unsteady, 

owing  to  the  presence  of  firedamp  in  the  air,  it  is  said  to  show. 
Showing.— The  first  appearance  of  float,  indicating  the  approach  to  an  out- 
cropping vein  or  seam.    Blossom. 
Shroud.— A  nousing  or  jacket. 
ShtUe.—Qee  Chute,  Shoot,  and  Schute. 
Shutter.— {1)  A  movable  sliding  door,  fitted  within  the  outer  casing  of  a 

Guibal  or  other  closed  fan^  for  regulating  the  size  of  the  opening  from 

the  fan,  to  suit  the  ventilation  ana  economical  working  of  the  machine. 

(2)  A  slide  covering  the  opening  in  a  door  or  brattice,  and  forming  a 

regulator  for  the  proportionate  division  of  the  air-current  between  twu 

or  more  districts  of  a  mine. 
Sickening.— A  coating  of  impurities  on  quicksilver  that  retards  amalgama- 
tion or  the  coalescence  of  the  globules  of  quicksilver. 
SidcMe.— Inclination. 
Side,—{1)  The  more  or  less  vertical  face  or  wall  of  coal  or  goaf  forming  one 

side  of  an  underground  working  place.    (2)  Rib.    (3)  A  district. 
Side  Chain.— A  chain  hooked  on  to  the  sides  of  cars  running  on  an  incline  or 

along  a  gangway,  to   keep  the  cars  together  in  case  the   coupling 

breaks. 
Sidelong  Be^.—An  overhanging  wall  of  bed  rock  in  alluvial  formations  I 

running  parallel  with  the  course  of  the  gutter;  generally  only  on  one 

side  of  it 
Sidi'ng.—A  short  piece  of  track  parallel  to  the  main  track,  to  serve  as  a  | 

passing  place. 
Siding  Over.— A  short  road  driven  in  a  pillar  in  a  headwise  direction. 
Sighi.—{1)  A  bearing  or  anele  taken  with  a  compass  or  transit  when  making 

a  survey.    (2)  Any  established  point  of  a  survey. 
Sighl».—Bov»  or  weighted  strings  hung  from  two  or  more  established  points 

in  the  roof  of  a  room  or  entry,  to  give  direction  to  the  men  driving  the  I 

entry  or  room.  ' 

SiU.—(Vi  '^^^  ^^^^  piece  of  a  timber  set,  or  that  on  which  the  track  rests;  i 

the  base  of  any  framing  or  structure.    (2)  The  fioor  of  a  seam. 
Silver.— {1)  A  certain  white  ductile  and  valuable  metal.    (2)  Short  for  quick-  I 

silver. 
Sing.— The  noise  made  by  a  feeder  of  G;as  issuing  from  the  coal. 
Singing  Coal.— Cool  fh>m  which  gas  is  issuing  with  a  hissing  sound. 
Singing  Lamp.— A  safety  lamp,  which,  when  placed  in  an  atmosphere  of 

explosive  gas.  gives  out  a  peculiar  sound  or  note,  the  strength  of  the 

note  varying  in  proportion  to  the  percentage  of  firedamp  present 
Single'Entry  System.— A  system  of  opening  a  mine  by  driving  a  single  entry 

only,  in  place  of  a  pair  of  entries.    The  air-current  returns  uong  the 

face  of  the  rooms,  which  must  be  kept  open. 
Single-Intake  Fan.— A  ventilating  fan  that  takes  or  receives  its  air  upon  one 

side  only. 
Single-Eope  Haulage.— A  system  of  underground  haulage  in  which  a  single 

rope  is  used,  the  empty  trip  running  in  by  gravity.    This  \s  engine-plane 

haulage. 
Unk.— To  excavate  a  shaft  or  slope;  to  bore  or  put  down  a  bore  hole. 
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)Anker, — ^A  man  who  works  at  the  bottom  of  a  shaft  or  face  of  a  slope  during 

the  coarse  of  sinkinfi[. 
9€nker  Bar. — ^In  rope  druUng,  a  heavy  b^r  attached  above  the  Jars,  to  give 

force  to  the  up  stroke,  so  as  to  dislodge  the  bit  in  the  hole. 
^£nking. — ^The  process  of  excavating  a  shaft  or  slope  or  boring  a  hole. 
Siphon. — ^A  simple,  effective,  and  economical  mode  of  conveying  water  over 
a  hill  whose  height  is  not  ereater  than  what  the  atmospheric  pressure 
will  raise  the  water.    Its  form  is  that  of  an  iron  pipe,  bent  like  an 
inverted  U;  the  vertical  height  between  the  surface  of  the  water  in  the 
upper  basin  and  the  top  of  the  hill  is  called  the  lift  of  the  siphon;  while 
the  vertical  height  between  the  surfaces  of  the  water  in  the  upper  and 
lower  basins  is  called  the  fall  of  the  siphon. 
Sizing, — ^To  sort  minerals  into  sizes. 
Skew  Bcick.— The  beveled  stone  from  which  an  arch  springs,  and  upon  which 

it  rests. 
SUds. — Slides  upon  which  heavy  bodies  are  slid  firom  place  to  place. 
Skimpings  (Cornish).— The  poorest  ore  skimmed  off  the  jigger. 
Skip. — (1)  A  mine  car.    (2)  A  car  for  hoisting  out  of  a  slope.    (3)  A  thin 
slice  taken  off  from  a  breast  or  pillar  or  nb  along  its  entire  length  or 
I>art  of  its  length. 
Skirting. — Road  opened  up  or  driven  next  a  fall  of  stone,  or  an  old  fallen  place. 
Skit  (Cornish).— A  pump. 

«S/a5.— Split  pieces  of  timber  fW>m  2  in.  to  3  In.  thick,  4  ft.  to  6  ft.  long,  and 
7  in.  to  14  in.  wide,  placed  behind  sets  or  firames  of  timber  in  sharts  or 
levels. 
Slack. — (1)  Fine  coal  that  will  pass  through  the  smallest  sized  screen.  The 
fine  coal  and  dust  resulting  from  the  handling  of  coal,  and  the  disinte- 
gration of  soft  coal.  (2)  The  process  by  which  soft  coal  disintegrates 
when  exposed  to  the  air  and  weather. 
iSZo^.-^The  liquid  refuse  from  a  smelting  operation,  which  floats  on  top  of 

the  metal. 
Slant. — (1)  An  underground  roadway  driven  at  an  angle  between  the  fUll 
rise  or  dip  of  the  seam  and  the  strike  or  level.    (2)  Any  inclined  road 
in  a  seam. 
Slant  Chutes.— Chutea  driven  diagonally  across  a  pillar,  to  connect  a  breast 

manway  with  a  man  way  chute. 
Slate. — (1)  A  hardened  clay  having  a  peculiar  cleavage.     (2)  About  coal 
mines,  slate  is  any  shale  accompanying  the  coal,  also  sometimes  applied 
to  bony  coal. 
Slate  Picker.— (1)  A  man  or  boy  that  picks  the  slate  or  bony  coal  from 
anthracite  coal.    (2)  A  mecnanical  contrivance  for  separating  slate  and 
coal. 
Slate  Chute.— {!)  A  chute  for  conveying  slate  or  bony  coal  to  a  pocket  ftom 

which  it  1b  loaded  into  "  dumpers."    (2)  A  chute  driven  through  slate. 
Sleek  (Derbyshire).— Mud  in  a  mine. 
Sled.— A  drag  used  to  convey  coal  along  the  face  to  the  road  head  where  it  is 

loaded,  or  to  the  chute. 
Sledge.— A  heavy  double-handed  ha<nmer. 

Sleeper  (EnfflishJ.— The  foundation  pieces  or  cross-ties  on  which  rails  rest. 
Sle^ng  Table  (()omish).— A  huddle. 

Sleeve.— A  hollow  cylinder  fitting  over  two  pieces,  to  hold  them  together. 
SlickeMides.—Polimed  suifaces  of  vein  wall  s. 
Slide.— Loose  deposit  covering  the  outcrop  of  a  seam. 
Slides.— Bee  Guides. 

Sliding  Scale.— A  mode  of  regulating  the  wages  paid  workingmen  by  taking 
as  a  basis  for  calculation  the  market  price  of  coal,  the  wages  rising  ana 
fifilling  with  the  state  of  trade. 
Sliding  wind  Bore  (English).— The  bottom  pipe  or  suction  piece  of  a  sinking 
set  of  pumps  having  a  lining  made  to  slide  like  a  telescope  within  it,  to 
give  length  without  altering  the  adjustment  of  the  whole  column 
of  pipes. 
Slime,  Sludge.— (1)  The  pulp  or  fine  mud  ftom  a  mill  or  ftom  a  drill  hole. 
(2)  Silt  containing  a  very  fine  ore,  which  passes  off  in  the  water  from 
the  jigs. 
Slings.— Pieces  of  ropes  or  chains  to  be  put  around  stones,  etc.  for  raising 

them. 
Slip.—{1)  A  fault.    (2)  A  smooth  joint  or  crack  where  the  strata  have 
moved  upon  each  other.  nr^r^n}r> 
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8Up  Cfeava^.~Mlcro8Coplc  folding  and  fracture  accompanied  by  sllppai 

qnarrymen'B  "  fiilse  cleavage." 
SHL—A  short  heading  put  through  to  connect  two  other  headings. 
S/ittcr.— See  Pick, 
Slope.— X  plane  or  inclined  roadway,  usually  driven  in  the  seam  from  tt 

surface.    A  rock  slope  is  a  slope  driven  across  the  strata,  to  connect  tn 

seams;  or  a  slope  opening  driven  from  the  surikce,  to  reach  a  seam  belo 

that  does  not  outcrop  at  an  accessible  point. 
SZudflfc.— See  Slime. 
Sludger,  Sludge  Pump.— A  cylinder  having  an  upward  opening:  valve  at  th 

bottom,  which  is  lowered  into  a  bore  nole,  to  pump  out  the  sludge  or  fin 

rock  resulting  from  drillings. 
iS^uice.— (1)  A  long  channel  in  rock  or  built  of  timber,  with  checks  to  catcl 

gold.    (2)  Any  overflow  channel. 
Sluice  Box.— A.  trough  with  ripples  or  &lse  bottom  for  catching  gold. 
Sluice  Head,  or  Head  (Australia  and  New  Zealand).— A  supply  of  1  en.  ft.  o\ 

water  per  second,  re^rdlcss  of  the  head,  pressure,  or  size  of  orifice. 
SZuictn^.— Ground  sluicing  is  working  gravel  by  excavating  with  pick  and 

shovel,  and  washing  the  debris  in  trenches  with  water  not  midei 

pressure. 
Slurry  (North  of  Wales).— Half-smelted  ore. 
Sma«.— See  Slack. 
SmcdduTO.— Lead-ore  dust. 

<$meUtno.— Method  of  extracting  a  precious  metal  from  its  ores. 
Smijl.  Snift.—A  bit  of  touch  iMper,  touch  wood,  etc.  attached  by  a  bit  of 

Clay  or  grease  to  the  outside  end  of  the  train  of  gunpowder  when 

blasting. 
SmiUem.—Yme  gravel-like  ore,  occurring  ft^e  in  mud  openings,  or  derived 

from  the  breaking  of  the  ore  in  blasting. 
Smut  (Staffordshire).— Soft,  bad  coal. 
Snore,  Snore  Piece.— TYie  hole  in  the  lower  iiart  of  a  sinking  or  Cornish  pump. 

through  which  water  enters. 
Soapstone.—A  term  incorrectly  applied  by  the  miner  to  any  soft,  unctuous 

rock. 
Socabon  (Mexican).— A  mining  tunnel;  an  adit.    Socavon  d  hilo  de  reia.—\ 

drift  tunnel.    Socavon  crucero.—A  crosscut  tunnel  or  adit.  I 

Socket.— {\)  The  innermost  end  of  a  shot  hole,  not  blown  away  after  firing. 

(2)  A  wrought-iron  contrivance  by  means  of  which  a  wire  rope  is , 

securely  attached  to  a  chain  or  block.  i 

Sole,  Sole  Fiaie.—A  piece  of  timber  set  underneath  a  prop. 
Sollar.—A  wooden  platform  fixed  in  a  shaft;,  for  the  ladders  to  rest  on.  j 

Sondear  (Mexican).- To  bore  for  prospectiug  purposes.  ' 

Sondeo  (Mexican).— A  boring  for  prospecting  purposes. 
Soplete  (Mexican).— A  blowpipe.    Enmye  al  soplete.—A  blowpipe  assay.         I 
(SorttnflT.— Separating  valuable  from  worthless  material.  ' 

Sounding.— X\)  Knocking  on  a  roof  to  see  whether  it  is  sound  or  safe  to  work  \ 

under.    (2)  Rapping  on  a  pillar  so  that  a  person  on  the  other  side  of  it 

may  be  signaled  to,  or  to  enable  him  to  estimate  its  width.  ' 

Sow.—(\)  A  tool  used  for  sharpening  drills.    (2)  Iron  deposits  at  the  bottom  j 

of  furnaces. 
SpaU.—To  break  un  rocks  with  a  large  hammer,  for  hand  sorting. 
i^aZte.— The  chips' and  other  waste  material  cut  ftx)m  a  block  of  stone  in 

process  of  dressing. 
Spar.— A  name  given  to  certain  white  quartz-like  minerals,  e.  g.,  calcspar,  i 

feldspar,  fluorspar. 
S|pcar».— Fump-rods. 

Specimen.— A  picked  piece  of  mineral.  i 

Sp€i99.—A  basic  arsenide  or  antimonide  of  iron,  often  containing  nickel, 

cobalt,  lead,  bismuth,  copper,  etc.,  having  a  metallic  luster  of  high  | 

speclfl<^  gravity  and  a  strong  tendency  toward  crystallization. 
Spcttcr.— The  commercial  name  for  zinc. 

Spent  Shot— A  blast  hole  that  has  been  fired,  but  has  not  done  itn  ncork. 
£^eti?.— The  extension  of  mineral  matter  on  the  surfoce,  past  the  ordinary 

limits  of  the  lode. 
iSpidcr«.— See  Drum  Rings. 
Spiegeleisen.—^eiTigajnfeTous  white  cast  iron. 
Spiking  Curbs.— A  light  ring  of  wood  to  which  planks  are  spiked  when 

plank  tubbing  is  used. 
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§^9i2e§  (€k>miah).— A  temporary  huxing  driven  ahead  on  levels  in  loose 
ffround.  Snort  pieces  of  planinng  sharpened  tlatways,  and  used  for 
cuivlng  into  watery  strata  as  sheath  piling,  to  asbist  in  checking  the 
flow;  used  much  in  sinking  through  quicksands. 

S^>i2ano.— A  process  of  timbering  through  soft  ground. 

Si>%rcuDrum.—&ee  Conical  Drum. 

^^plirU,  ot  SplaU.—A  laminated,  coarse,  inferior,  dull-looking,  hard  coal,  pro- 
dacing  much  white  ash,  intermediate  between  cannel  and  bituminous 
coal. 

Split. — (1)  To  divide  an  air-current  into  two  or  more  separate  currents.  (2) 
Any  division  or  branch  of  the  ventilating  current.  (3)  The  workings 
ventilated  by  that  branch.  (4)  Any  member  of  a  coal  bed  split  by  thick 
partings  into  two  or  more  seams.  (5)  A  bench  separated  by  a  consider- 
able interval  from  the  other  benches  of  a  coal  bed. 

S^oiZ.— Debris  from  a  coal  mine. 

^p€>on. — A  slender' iron  rod  with  a  cup-shaped  projection  at  right  angles  to 
the  rod.  used  for  scrapins  drillings  out  of  a  Dore  hole. 

^jHnU.^A  snort  underground  passage  connecting  a  main  road  with  an  air- 
course. 

^prag. — (1)  A  short  wooden  prop  set  in  a  slanting  position  for  keeping  up 
the  coal  during  the  operation  of  holing.  (2)  A  snort  round  piece  of  hard 
wood,  pointed  at  botn  ends,  to  act  as  a  brake  when  placed  oetween  the 
spokes  of  mine-car  wheels.  (3)  The  horizontal  member  of  a  square  set 
of  timber  running  longitudinally  with  the  deposit. 

Sprctgger.— One  who  attends  to  the  spragging  of  cars. 

^prag  Boad.—A  mine  road  having  such  a  sharp  grade  that  sprags  are  needed 
to  control  the  speed  of  the  car. 

SprecLder.—A  Umber  stretched  across  a  shaft  or  stoj^. 

Spring  Beam^.—Tyio  short  parallel  timber  beams,  built  with  a  Ctomish  pump- 
ing engine  house,  nearly  on  a  level  with  the  engine  beam,  for  catching 
the  beam,  etci,  and  preventing  a  smash  in  case  of  a  breakdown. 

Spring  Latch.— The  latch  or  tongue  of  an  automatic  switch,  operated  by  a 
spring  pole  at  the  side  of  the  track. 

Spring  Piofe.— An  elastic  wooden  pole  from  which  boring  rods  are  suspended. 
Used  also  to  operate  a  spring  latch. 

Sprocket  Whed  (Enfirlish).— Rag  wheel.  A  wheel  with  teeth  or  pins  which 
catch  in  the  links  of  a  chain. 

Spud,  Spad.—A  horseshoe  nail  with  a  hole  in  the  head,  for  driving  into  the 
mine  timbers,  or  into  a  wooden  plug  iitted  into  the  roof,  to  mark  a  sur- 
vejring  station. 

Spur.—{1)  A  short  ridge  or  offtetting  pointed  branch  from  a  main  ridge  or 
mountain.    (2)  A  short  branch  or  feeder  from  the  main  lode  of  a  vein. 

Square  Set.— A  variety  of  timbering  for  large  excavations. 

Squat  (Con^sh).— Tin  ore  mixed  with  spar. 

Squeeze.— See  Creep. 

Squib. — A  straw,  rush,  paper,  or  quill  tube  filled  with  a  priming  of  gun- 
powder, with  a  slow  match  on  one  end. 

Stage.— A  platform  on  which  mine  cars  stand. 

Sta0ng.—A  temporary  flooring  or  scaffold,  or  platform. 

Stage  JPumpina.— Draining  a  mine  by  means  of  two  or  more  pumps  placed  at 
diiferent  levels,  each  of  which  raises  the  water  to  the  next  pump  above, 
or  to  the  surface. 
Stage  Working.— A  system  of  working  minerals  by  removing  the  strata  above 

the  beds,  after  which  the  various  beds  are  removed  in  steps  or  stages. 
Stalactites,— Icicle-eh&ped  formations  of  mineral  matter  depending  from  roof 
'     strata. 
»Siea2a^i(e8.— Accumulations  of  mineral  matter  that  form  on  the  floor,  caused 

by  the  continual  dripping  of  water  impregnated  with  mineral  matter. 
StaU.—A  narrow  breast,  or  chamber. 
Stall  Oate.—A  road  along  which  the  mineral  worked  in  a  stall  is  conveyed  to 

the  main  road. 
Stamp  MiU^  <Stomp«.— Machine  for  crushing  ore. 
StancMon.—A  vertical  prop  or  strut. 
Standage.—Tnmp  reservoir. 
Standing.— Hot  at  work,  not  going  forwards,  idle. 

Standing  Ocu.—A  body  of  firedamp  known  to  exist  in  a  mine,  but  not  in  cir- 
culation; sometimes  fenced  off. 
Standing  Sett  (English).— A  fixed  lift  of  pumps  in  a  sinking  set.  ^ 
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Stannary.— Tin  works. 

Staple.^il)  A  shallow  pit  within  a  mine.    (2)  An  underground  ehaft. 

Stfirter.^A  man  who  ascends  a  chute  to  the  battery  and  starts  the  coal  U 

running. 
Starved  (English).— When  a  pump  is  choked  at  the  brass  holes. 
Staiion.—A,  plat  or  convenient  resting  place  in  a  shaft  or  level. 
Stave.— A  ladder  step. 

Stay  (English).— Props,  struts,  or  ties  for  keeping  anything  in  its  place. 
Steamboai  Coal.— In  anthracite  only,  coal  small  enough  to  pass  through  ban 

set  6  to  8  in.  apart,  but  too  luge  to  pass  through  bars  from  3^  to  5  in. 

Comparatively  few  collieries  make  steamboat  coal  except  to  fill  specif 

contracts  or  orders. 
Steam  Coal.—\  hard,  free-burning,  non-caking  coal. 
Steam  Jet.— A  system  of  ventilating  a  mine  bv  means  of  a  number  of  lets  of 

steam,  at  high  pressure,  kept  constantly  blowing  oflffrom  a  series  of  pipes 

in  the  bottom  of  the  upcast  shaft. 
Sted  Mill.— An  apparatus  for  obtaining  light  in  a  fiery  mine.    It  consisted  of 

a  revolving  steel  wheel,  to  which  a  piece  of  flint  was  held,  to  produce 

sparking. 
Steel  Needle.— An  instrument  used  in  preparing  blasting  holes,  befbre  the 

safety  fuse  was  invented. 
Steening,  or  Steining.—Uhe  brick  or  stone  lining  of  a  shaft. 


Stemming.— (I)  fine  shale  or  dirt  put  into  a  shot  hole  after  the  powder,  and 

rammed  hard.    (2)  Tamping  a  shot. 
Step  (English}.— (1)  The  cavity  in  a  piece  for  receiving  the  pivot  of  an 

upright  shaft,  or  the  ^nd  of  an  upright  piece.    (2)  The  shearing  in  a 

coal  face. 
SHrU.— The  amount  of  work  to  be  done  by  a  man  in  a  specified  time. 
SUM.— A  long  steel  wedge  used  in  bringing  down  coal  after  it  has  been 

holed. 
Stockwork.—A  rock  run  through  with  a  number  of  small   veins  close 

together,  the  whole  of  which  has  to  be  worked  when  mining  such 

deposits. 
Stomp.— A  short  wooden  plug  fixed  in  thd  roof  of  a  level,  to  serve  as  a  bench 

mark  for  surveys.  j 

Stone  CioaZ.— Anthracite;  also  other  hard  varieties  of  coal. 
Stone  Head.— A  heading  or  gangway  driven  in  stone.    A  tunnel.  I 

Stone  TtfbMnp.— Water-tight  stone  walling  of  a  shaft  cemented  at  the 

back. 
Stook.—A  pillar  of  coal  about  4  yd.  square,  being  the  last  portion  of  a  Aill- 

sized  pillar  to  be  worked  away  in  bord-and-pillar  workings. 
Stook-and-Feather.—A  wedge  for  breaking  down  coal,  worked  by  hydraulic 

power,  the  pressure  being  applied  at  the  extreme  inner  end  of  the  | 

Stoop.— A  pillar  of  coal. 

Stoop-and-Koom.—A  system  of  working  coal  very  similar  to  pillar-and-stall. 

iSKop.— Any  cleat  or  beam  to  check  the  descent  or  a  cage,  car,  pump  rods,  etc. 

Stope.—{l)  To  excavate  mineral  in  a  series  of  steps.    (2)  A  place  in  a  mine  I 
that  is  worked  by  sloping. 

5<opt'n^.— Working  out  ore  between  two  levels  or  on  the  s>irfiice.  by  stopes  or 
steps.  Sloping  Overhand.— Mining  a  stope  upwards,  the  flig&t  of  steps 
being  invert^.  Sloping  Underhand.— JAining  a  stope  downwards  in 
such  a  series  that  it  presents  the  appearance  of  a  flight  of  steps.  i 

Stopping.— An  air-tight  wall  built  across  any  passageway  in  a  mine.  | 

Stove  CocU.— In  anthracite  only;  two  sizes  of^  stove  coal  are  made,  large  and 
small:  large  stove,  known  as  No.  3,  passes  through  a  2i"  to  2^' mesh 
and  over  a  If'  to  li''  mesh;  small  stove,  known  as  No.  4,  passes  throogh 
a  If  to  It"  mesh  and  over  a  li"  to  1"  mesh.  Only  one  size  of  stove  coal 
is  now  usually  made.  It  passes  through  a  2f*  square  mesh  and  over  1}" 
square  mesh. 

Stove  Up,  or  Stoved.—Upeet.  When  a  rod  of  iron  heated  at  one  end  is  ham- 
mered endwise  the  diameter  of  that  end  is  enlarged,  and  it  Is  said  to  be 
upset. 

Stow.— To  pack  away  rubbish  into  goaves  or  old  l^orkings. 

gowce.— (1)  Windlass.    (2)  Landmarks. 

Stowmg.— The  d6bris  of  a  vein  thrown  back  of  a  miner  and  which  supports 
the  roof  or  hanging  wall  of  the  excavation.  o 
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UTctight  Ends  and  WaJOs.—K  system  of  working  coal  somewhat  similar  to 
bord-and^piUar.    Straight  ends  are  headings  ft-om  4  ft.  6  in.  to  6  ft.  in 
width.    Walls  are  pillars  30  ft.  wide. 
-itraigfU  Work.— A  system  of  getting  coal  by  headings  or  narrow  work. 
StrcUte.—A  slightly  inclined  table  for  separating  heavier  minerals  from 

liirhter  ones. 
5<r"a/i>Ica/ton.— Arrangement  in  layers. 

StrcUum  (plural,  strata).— A  layer  or  bed  of  rocks,  or  other  deposit. 
Streak,— The  color  of  the  marK  made  when  a  mineral  is  scratched  against  a 

white  surface. 
Strett.— The  system  of  getting  coal  by  headings  or  narrow  work.     See 

Bord^nd-Pillar. 

Strike  (of  a  seam  or  vein).— The  intersection  of  an  inclined  seam  or  a  vein 

with  a  horizontal  plane.    A  level  course  in  the  seam.    The  direction  of 

strike  is  always  at  right  angles  to  the  direction  of  the  dip  of  the  seam. 

Strike  Joints.-JointB  or  cleavages  that  are  parallel  to  the  strike  of  the  seam. 

Strikina  Deo/.— Planks  fixed  in  a  sloping  direction  Just  within  the  mouth  of 

a  snaft,  to  guide  the  tub  to  the  surface. 
Stringer  (English).— Any  longitudinal  timber  or  beam. 
Stri7iffpump.—A  system  of  pumpins^  whereby  the  motion  of  the  engine  is 

transmitted  to  the  pump  by  timbers  or  stringers  bolted  together. 
String  Bods.— A  line  or  surface  rods  connected  rigidly  for  the  transmission 
of  power;  used  for  operating  small  pumps  in  adjoining  shafts  from  a 
central  station. 
Strip.— {1)  To  remove  the  overlying  strata  of  a  bed  or  vein.    (2)  Mining  a 

deposit  by  first  taking  off  the  overlying  material. 

Strut  (English).— A  prop  to  sustain  compression,  whether  vertical  or  inclined. 

Struve   Ventilator.— A  pneumatic  ventilating  apparatus  consisting  of  two 

vessel-like  gas  holders,  which  are  moved  up  and  down  in  a  tank  of 

water.    By  this  means,  the  air  is  sucked  out  of  the  mine  as  required. 

Studdle.—A  piece  of  squared  timber  placed  vertically  between  two  sets  of 

timber  in  a  shaft. 
SttiU.— A  post  for  supporting  the  wall  or  roof  in  a  mine;  a  prop  timber. 
Stump.— The  pillar  between  the  gangway  and  each  room  turned  off  the  gang- 
way.   Sometimes  the  entry  pillars  are  called  stumps. 
Stumping.— A  kind  of  pillar-and-stall  plan  of  getting  coal. 
Stup. — Powdered  coke  or  coal  mixed  with  clay. 
Sturt. — A  tribute  bargain  profitable  to  the  miner. 
StutUe,  or  Spro^jr.— The  horizontal  member  of  a  square  set  of  timber  running 

longitudinally  with  the  deposit. 
£»/2^y^.— Carbonic-acid  gas  (blackdamp). 
Sucker  Rod.— The  pump  rod  of  an  oil  or  artesian  well. 
Sttction  Bump  (English).— A  pump  wherein,  by  the  movement  of  the  piston, 

water  is  drawn  up  into  the  vacuum  caused. 
Sulphur.— {1)  One  of  the  elements.    (2)  Iron  pyrites. 
Sufyhwret.—^e  Sulphide. 

Sulphide.— A  combination  of  sulphur  and  a  base. 
Sump,  or  Sumpt—A  catch  basin  into  which  the  drainage  of  a  mine  flows  and 

from  which  it  is  pumped  to  the  surface. 
Surface  Deposits.— Those  that  are  exposed  and  can  be  mined  from  the  surface. 
Svfob  SHck.—A  short  wooden  rod,  bruised  into  a  kind  of  stumpy  brush  at  one 

end,  for  cleaning  out  a  drill  hole. 
SwaUy,  or  SweUy.-A  trough,  or  syncline,  in  a  coal  seam. 
Swamp.— A  depression  or  natural  hollow  in  a  sea.m.    A  basin. 
Sv>€eping  Table.— A  stationary  huddle. 
Su)ea.—FTee  ftom  deleterious  gases. 
Sweet  Roast.— To  roast  dead  or  completely. 
Sunng.— The  arc  or  curve  described  by  the  point  of  an  instrument,  such  as  a 

|Hck  or  hammer,  when  being  used. 
Swinffing  Ptote.— Amalgamated  copper  plates  hung  in  sluices,  to  catch  float 

tch.—{l)  The  movable  tongue  or  rail  by  which  a  train  is  diverted  fhDm 

one  track  to  another.    (2)  The  junction  of  two  tracks.    (3)  A  movable 

arm  for  changing  the  course  of  an  electrical  current. 
Switchboard.— A  board  where  several  electrical  wires  terminate,  and  where, 

by  means  of  switches,  connection  may  be  established  between  any  of 

these  wires  and  the  main  wire. 
Swither.—A  crevice  branching  from  a  main-lead  lode.  o 
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Syiuilinal  Axis.— The  line  or  course  of  a  syndiDe. 

Synclinc—The  point  or  axis  of  a  basin  toward  which  the  strata  upon  either 
side  dip.   An  inverted  anticline.    A  hasln. 

Taokl*  (English).— (1)  Ropes,  chain,  detaching  hoo]te,  cages,  and  all  other 
apparatus  for  raising  coal  or  ore  in  shafts.  (2)  Any  rope  for  hoistixig,  a& 
a  tackle  rope,  block  and  tackle,  etc. 

Tahona  (Mexican).— An  arrastre  moved  by  water-power.  Tdhonero.—The 
man  in  charge  of  the  tahona. 

Thil-Baek.^Yfhen  the  firedamp  ignites  and  the  flame  is  elongated  or  creeps 
backwards  against  the  current  of  air,  it  is  said  to  tail-baciE. 

Tbtfin^.— The  blossom;  the  outcrop  or  smut. 

Tailinga.— The  detritus  from  reduction  or  gold-washing  machinery. 

Thil-Pipe.— The  suction  pipe  of  a  pump. 

Tailrace,— The  channel  along  which  water  flows  after  it  has  done  its  work. 

Thil-Rope.—il)  In  a  tail-rope  system  of  haulage,  the  rope  that  is  used  to 
draw  the  empties  back  mto  the  mine.  (2)  A  wire  rope  attached  beneath 
cages,  as  a  balance. 

Tail-Rope  System  qf  Havloffe.—A  haulage  system  in  which  the  ftOl  trip  is 
drawn  out  by  the  main  rope,  and  the  empty  trip  is  drawn  in  by  the  tail- 
rope,  these  ropes  being  attached  to  the  opposite  ends  of  the  trip  (see 

Tail^^^ve.— The  sheave  at  the  inbye  end  of  any  haulage  system.  See  Turn 
Pulley, 

Take  the  Air.—{1)  To  measure  the  ventilating  current.  (2)  Applied  to  a 
ventilating  fan  as  working  well,  or  working  poorly. 

Taladro  ( Mexican)  .—A  drill  for  mechanical  or  mining  purposes.  Taladrar.— 
To  bore  or  drill. 

TaUy.—il)  A  mark  or  number  placed  by  the  miner  on  every  car  of  coal  sent 
out  of  his  place,  usually  a  un  ticket    By  counting  these,  a  tally  is  made 
of  all  the  cars  of  coal  he  sends  out.    (2)  Any  numbering,  or  counting,  or     I 
memorandum,  as  a  tally  sheet. 

Tbmp.— To  fill  a  bore  hole,  after  inserting  the  charge,  with  some  substance 
which  is  rammed  hard  §s  it  is  put  into  the  hole.  Vertical  holes  are  often 
tamped  with  water,  when  blasting  with  dynamite. 

Tamping.— The  process  of  stemming  or  filling  a  bore  hole. 

Tamping  Bar.—X  copper-tipped  bar,  for  ramming  the  tamping  or  stem- 
ming. 

ThnoteaT Mexican). —Leather,  hide,  or  Jute  bags,  to  carry  ore  or  waste  rook 
within  or  out  of  a  mine.    Tanaiero.—A  laborer  or  bag  carrier. 

Thp.— (1)  To  cut  or  bore  into  old  workings,  for  the  purpose  of  liberating  accu- 
mulations of  gas  or  water.  (2)  To  pierce  or  open  any  gas  or  water 
feeder.    (3)  To  win  coal  in  a  new  distnct. 

TUpexttc  (Mexican).— A  working  platform  or  stage  built  up  in  a  stope  or  any- 
where in  a  mine;  a  landing  place  between  two  flights  of  ladders. 

Teem.— To  pour  or  tip. 

Teeming  Trough.— A  trough  into  which  the  water  from  a  mine  is  pumped. 

Telegraph.— A  sheet-iron  trough-shaped  chute,  for  conveying  coal  or  slate 
from  the  screens  to  the  pockets,  or  boilers. 

Tellurides.— Ores  of  the  precious  metals  (chiefly  gold)  containing  tellurium. 

TemesquiUde  (Mexican).— The  earthy  part  of  ground-up  ore. 

Temper.— {\)  To  change  the  hardness  of  metals  by  first  heating  and  then 
plunging  them  into  water,  oil,  etc.  (2)  To  mix  mortar,  or  to  prepare 
clay  for  bricks,  etc. 

Tempering.— The  act  of  reheating  and  properly  cooling  a  bar  of  metal  to  any 
desired  degree  of  hardness. 

Temper  Screw.— In  rope  drilling,  a  screw  for  gradually  lowering  the  clamped 
(upper)  end  of  the  rope  as  the  hole  is  deepened. 

Tenon.— A  projecting  tongue  fitting  into  a  corresponding  cavity  called  a 
mortise. 

Tentadura  (Mexican).— An  assay  made  in  a  horn  spoon,  an  earthen  saucer, 
or  in  a  wide  and  shaUow  vessel  of  any  kind,  to  ascertain  the  amount  of 
amalgam  present  in  a  sample  of  argentiferous  mud  fh>m  an  amalgama- 
ting patio.  Any  assay  made  by  washing  so  as  to  concentrate  the 
metallic  portions  of  any  mineral,  and  to  cause  the  earthy  portions  to  he 
floated  oflr. 

"•'octate  (Mexican).— Any  rock  or  earth  found  in  a  mine,  which  does  not 
contain  the  metal  sought  for.  Digitized  by  LnOOg  le 
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^Slsgruio  (Mexican).— A  task  set  for  a  drillman  or  for  any  laborer  in  a  mine,  to 

be  regarded  as  a  day's  work. 
^WTerrctce. — A  raised  level  bank,  such  as  river  terraces,  lake  terraces,  etc. 
^Mlerrero  (Mexican).— The  dump  of  a  mine. 

^Fut. — (1)  A  trial  of  an  engine,  fan,  or  other  appliance  or  substance.    (2)  An 

iron  framework  that  is  filled  with  bone  ash  for  cupeling  on  a  lar^e  scale. 

^rheodolUe.—Kn  instrument  used  in  surveying,  for  taking  Doth  vertical  and 

horizontal  angular  measurements.    An  engineer's  large  transit,  with 

attachments. 

iTA^.— See  Floor. 

3'Wmbte.— (1)  A  short  piece  of  tube  slid  over  another  piece,  to  strengthen  a 
joint,  etc.    (2)  An  iron  ring  with  a  groove  around  it  on  the  outside,  used 
as  an  eye  when  a  rope  is  doubled  about  it. 
TMrl. — See  CroMCul. 
Through-and-Tkrough.—X.  system  of  getting  bituminous  coal,  without  regard 

to  the  size  of  the  lump. 
Throw.— {\)  A  fault  of  dislocation.    (2)  The  vertical  distance  between  the 

two  ends  of  a  faulted  bed  of  coal. 
T'A.rcnim.— Faulted;  broken  by  a  fault. 
T'Af'tisf.— Creep  or  squeeze  due  to  excessive  weight,  hard  floor,  and  too 

small  pillars. 
Thurl  (Staffordshire).— To  cut  through  from  one  working  into  another. 
T'icib^na.— English  periodical  markets  for  the  sale  of  ores. 
Tie-Back.— {\)  A  beam  serving  a  purpose  similar  ^o  a  fend-off  beam,  but 
fixed  at  the  opposite  side  of  the  shaft  or  inclined  road.    (2)  The  wire 
ropes  or  stayrods  which  are  sometimes  used  on  the  side  or  the  tower 
opposite  the  hoisting  engine,  in  place  of  or  to  reenforce  the  engine 
braces. 
Tierrca  (Spanish).- Earth  impregnated  with  mercury  ore. 
TierroA  de  Labor  (Mexican).— Dirt  from  a  stope,  mjxed  with  particles  of  ore. 
TierrcLS  de  lAunque  (Mexican).— Chips  made  m  breaking  and  sorting  ore. 
rijf.— Calcite  or  carbonate  of  lime. 
Tvmber.—{1)  Props,  bars,  collars,  legs,  laggings,  etc.    (2) .  To  set  or  place 

timber  in  a  mine  or  shaft. 
Tiniberer,  J^mberman.—A  man  who  sets  timber. 
Time.—{1)  Hours  of  work   performed  by   workmen.     (2)  To  count  the 

strokes  of  a  pump  or  revolutions  of  an  engine  or  fan. 
Tin-Can  S<tfetyLamp.—A  Davy  lamp  placed  inside  a  tin  can  or  cylinder 
having  a  glass  In  front,  air  holes  near  the  bottom,  and  open-topped, 
makinff  the  lamp  safer  in  a  rapid  current  of  air. 
Tin- Witts  (Cornish).— Product  of  first  dressing  of  tin  ores,  containing,  also, 

wolfram  and  sulphides. 
Tip.— A  dump.    See  Tipper,  or  Tipple. 

Tipper,  or  Tippk.— An  apparatus  for  emptying  cars  of  coal  or  ore,  by  turning 
them  upside  down,  and  then  bringing  them  back  to  original  position, 
with  a  minimum  of  manual  labor. 
Tipple.— The  dump  trestle  and  tracks  at  the  mouth  of  a  shaft  or  slope,  where 

the  output  of  a  mine  is  dumped,  screened,  and  loaded. 
Tiro  (Mexican).— A  mining  shaft.    Tiro  Vertical.— A  vertical  shaft. 
TbJkcn.— (1)  A  mutually  understood  mark  placed  upon  a  bucket  of  ore  when 
it  is  hoisted  or  lowered  into  a  shaft,  to  acquaint  the  lander  or  filler  of 
some  important  matter.    (2)  A  piece  of  leather  or  metal  stamped  with 
the  hewer's  or  putter's  number  or  distinctive  mark,  and  feistened  to  the 
tub  he  is  filling  or  putting. 
Ton.— A  measure  of  weight.    Long  ton  is  2,240  lb.;  short  ton  is  2,000  lb.; 

metric  ton  is  1,000  kilograms  =  2,204.6  lb. 
Top. — (1)  See  Roqf.    (2)  Top  of  a  shaft;  surface  over  a  mine. 
Tcint.—A  kind  of  brace  head  screwed  to  the  top  of  boring  rods,  when  with- 
drawing them  from  the  hole. 
Torta  (Mexican).— A  pie  or  cake;  the  heaps  of  argentiferous  mud  that  arc 

treated  in  the  patio  process  of  amalgamation. 
Tomng.— Shaking  powdered  ore  in  water,  to  effect  separation  of  heavy  and 

light  particles. 
Tovera  (Mexican).— The  tuyere  of  a  smelting  ftimace. 
TVoclb.— Railways  or  tramways. 
Tracking.— Wooden  rails. 

Train  Boy.— A  boy  that  rides  on  a  trip,  to  attend  to  rope  attachments,  signal 
incaseof  derailment  of  cars.  etc.    Trip  rider.     yGoOQlc 
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Train,  or  2Vtp.— The  care  taken  at  one  time  by  mules,  or  by  any  motor,  or 

ran  at  one  time  on  a  dope,  plane,  or  sprag  road,  always  togetber. 
Tram.— A  mine  car,  or  the  track  on  which  it  runs, 
rramwier,— One  who  pushes  cars  along  the  track. 
Tramroad.—A  mine  track  or  railroad. 
Tram  Rope.— A  hauling  rope,  to  which  the  cars  are  attached  by  a  clip  or 

chain,  either  singly  or  in  trips. 
Tramtoay.—A  small,  roughly  constracted  iron  track  for  ranning  wagons  or 

trucks  on. 
Tranter  Carriage.— Mov&hle  platform  or  track  used  to  transfer  mine  cars 

from  one  track  to  another. 
Traneome  (English).— A  heavy  wooden  bed  or  supporting  piece. 
Trap.—(1)  A  steep  heading  along  which  men  travel.    (2)  A  fault  of  dislo- 
cation.   (3)  An  eraptive  rock.    (4)  A  dangerous  place. 
Trap  Door.— A  small  door,  kept  locked,  fixed  m  a  stopiug,  for  giving  access 

to  firemen  and  certain  others  to  the  return  airways,  dams,  or  other 

unused  portions  of  the  mine. 
Trap  Dike.— A  fault  (not  necessarily  accompanied  by  displacement  of  strata) 

in  which  the  spaces  between  the  fhtctured  edges  of  the  beds  are  filled  up 

by  a  thick  wall  of  igneous  rock. 
Trapiche  (Spanish).— A  primitive  grinding  mill. 
Trapper.— A  boy  employed  underground  to  tend  doors. 
Traveling  Road.— An  underground  passage  or  way  used  expressly,  though 

not  always  exclusively,  for  men  to  travel  along  to  and  fh>m  their  work- 
ing places. 
Treenail.— A  Ions  wooden  pin  for  securing  planks  or  beams  together. 
TreSlodbing  (Cormsh).— Stirring  tin  slimes  in  water. 
Trend.— The  course  of  a  vein,  fault,  or  other  feature. 
Tribute.— A  method  of  working  mines  by  contract,  whereby  the  miners 

receive  a  certain  share  of  the  products  won.    7rAmfer«.— Miners  paid 

by  results. 
Trig.— A  sprag  used  to  block  or  stop  a  wheel  or  any  machinery. 
Trim  (Mexican).— The  same  as  Torta. 
Trip.— The  mine  care  in  one  train  or  set.    See  Train. 
TnpU-Entrv  System.- A  system  of  opening  a  mine  by  driving  three  parallel 

entries  for  the  main  entries. 
Triturate.— To  grind  or  pulverize. 
Trolley.— (1)  A  small  four-wheeled  truck,  used  fbr  carrying  the  ore  bucket 

underground.    (2)  An  electric  motor.    (3)  The  arm  of  a  motor  that  con- 
ducts the  electric  current  from  the  wire  above  the  track  to  the  machine. 
Trommel.— A  drum,  consisting  of  a  cylinder-  or  cone-shaped  sheet-iron 

mantle  (generally  punched  with  holes)  that  revolves;  used  for  washing 

or  sorting  ores. 
Trompa  (Mexican). —A  flinnel-shaped  mouthpiece  of  cooled  slag  that  forms 

within  a  smelting  fhrnace  over  the  tuyere  opening. 
Tromp^.- An  apparatus  for  producing  ventilation  by  the  fiiU  of  water  down 

a  shaft. 
Trouble.- A  dislocation  or  fault;  any  irregularity  in  the  bed. 
Trough  FauU.—A  wedge-shaped  fault,  or,  more  correctly,  a  mass  of  rock, 

coal,  etc.  let  down  in  between  two  faults,  which  fiiults,  however,  are 

not  necessarily  of  equal  throw. 
Troughs,  or  Thirling.— A  passage  cut  through  a  pillar  to  connect  two  rooms. 
True*.— Used  synonymously  with  Barney. 
Truck  System.— Faying  miners  in  food  instead  of  money. 
Trunm'ona.— Cylindrical  projections  or  journals,  attached  to  the  sides  of 

a  vessel,  so  that  it  can  rotate  in  a  vertical  plane. 
Trying  the  Lamp.— The  examination  of  the  flame  of  a  safety  lamp  for  the 

purpose  of  forming  a  judgment  as  to  the  quantity  of  firedamp  mixed 

with  the  air. 
Tuft.- (1)  A  mine  car.    (2)  An  iron  or  wooden  barrel  used  in  a  shaft,  for 

hoisting  material. 
rM6Wn.<7.— Cast  iron,  and  sometimes  timber,  lining  or  walling  of  a  circular 

Tubbing  Wedges.— SmaM  wooden  w^edges  hammered  between  the  joints  of 

tubbing  plates. 
"Gibing.— Iron  pipes  or  tubes  used  for  lining  bore  holes,  to  prevent  caving. 

^bar  (Mexican).— To  knock  down  ore,  etc. 
be  (Mexican).— The  act  of  knocking  down  and  taking  out  ore. 
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^Funnel.—A  horizontal  passage  driven  across  the  measures  and  open  today  at 

both  ends;  applied  also  to  such  passages  open  to  day  at  only  one  ena,  or 

not  open  to  day  at  either  end. 
^I'urbary.—A  peat  bog. 
arurWn^.— A  rapidly  revolving  waterw  heel,  impelled  by  the  pressure  of  water 

upon  blades, 
^'ttrn.— jtl)  The  hours  during  which  coal,  etc.  is  being  raised  from  the  mine. 

(2)  See  Shift.    (3)  To  open  rooms,  headings,  or  chutes  off  from  an  entry 

or  gangway.    (4)  The  number  of  cars  allowed  each  miner. 
1TumotU.—A  siding  or  passing  on  any  tram  or  haulage  road. 
Turn  I*itlley.—A  sheave  fixed  at  the  inside  end  of  an  endless-  or  tail-rope 

hauling  plane,  around  which  the  rope  returns.    See  Tail-Sheave. 
Turntable.— A  revolving  platform  on  wnich  cars  or  locomotives  are  turned 

around. 
Tut  ITorA;.— Breaking  ground  at  so  much  per  foot  or  fathom. 
Tuyere.— The  tubes  through  which  air  is  forced  into  a  fUmace. 
Two-  TAroto.— When,  in  sinking,  a  depth  of  about  12  ft.  has  been  reached,  and 

the  debris  has  to  be  raised  to  the  surface  by  two  lifts  or  throws  with  the 

shovel,  one  man  working  on  staging  above  another. 
3Ve. — ^An  inclined  table  used  for  dressing  ores. 

Ilneonformibility.— When  one  layer  of  rock,  resting  on  another  layer,  does  not 

correspond  in  its  angle  of  bedding. 
Vndercxut.—An.  air-course  carried  under  another  air-course  or  roadway. 
Vnderday.—A  bed  of  fireclay  or  other  less  clayey  stratum,  lying  immediately 

beneath  a  seam  of  coal. 
Undercut.— To  remove  a  small  portion  of  the  bottom  of  the  bed  or  the  under- 

clay,  so  that  the  mass  of  coal  or  mineral  can  be  wedged  or  blasted  down. 
Underhand  Stoping.—8ee  Sloping  Underhand. 
Underhand  TTorfc.— Picking  or  drilling  downwards. 
Uhderholing,  Undermining.— To  mine  out  a  portion  of  the  bottom  of  a  seam 

or  the  underclay,  by  pick  or  jpowder,  thus  leaving  the  top  unsupported 

and  ready  to  be  blown  down  by  shots,  broken  down  by  wedges,  or  mined 

with  a  pick  or  bar. 
Underlie,  or  Underlay.— The  inclination  of  a  lode  at  right  angles  to  its  course, 

or  strike;  the  true  dip. 
Underviewer,  or  Underlooker.— An  inside  foreman. 
Unit.—{1)  The  unit  of  metals  is  W  of  whatever  ton  is  used.    Generally,  the 

2(Mjwt.  ton,  equal  to  2,240  lb.,  is  employed,  but,  when  dealing  with 

copper  ores,  the  21-cwt.  ton  of  2,352  lb.  is  taken;  therefore,  the  respective 

units  are  22.4  lb.  and  23.52  lb.  (F.  Danvers  Powers).    (2)  Ores  are  quoted 

at  a  certain  price  per  unit  or  per  cent,  of  valuable  material  in  the  ore. 

If  an  iron  ore  contains  405(  of  metallic  iron  that  is  worth  5  cents  per  umt, 

the  value  of  the  ore  is  1R2  per  ton. 
Unwater.—To  drain  or  pump  the  water  fh)m  a  mine,  or  shaft. 
XhtcoBl.— The  shaft  through  which  the  return  air  ascends. 
Upraise.— An  auxiliary  shaft,  a  mill  hole,  or  heading  carried  from  one  level 

up  toward  another. 
UpUnrow.—A  fault  in  which  the  displacement  has  been  upward. 

Vapor  (Mexican).— Steam;  heated  and  stinking  eas  sometimes  found  in 
mines,  which  causes  candles  to  bum  dimly  and  go  out. 

Vaso  (Mexican).— A  reverberatory  fUmace  used  for  smelting  rich  ore,  or  for 
cupeling  silver. 

FeK.— Large  wooden  tub  used  for  leaching  or  precipitation. 

F«*n.— See  Lode.  Often  applied  incorrectly  to  a  seam  or  bed  of  coal  or  other 
mineral. 

Vei7i8tone.—The  non-mete-Uic  portion  of  a  vein  associated  with  the  ore. 

Vena  (Mexican).— A  thin  vein,  not  over  3  in.  thick— a  knife-blade  vein. 

Vend  (North  of  England).— Total  sales  of  coal  from  a  mine. 

Vent,  or  Vent  Hole.—{l)  A  small  passage  made  with  a  needle  through  the 
tamping,  which  is  used  for  admitting  a  squib,  to  enable  the  charge  to  be 
lighted.    (2)  Any  opening  made  into  a  confined  space. 

VentmHng  Column.— See  Motive  Column. 
•  Ventilating  Preamre.— The  total  pressure  or  force  required  to  overcome  the 
friction  of  the  air  in  mines;  the  unit  of  ventilating  pressure  or  pressure 
per  sq.  ft.  of  area  multiplied  by  the  area  of  the  airway. 

FflUiJo^ton.— Circulation.    The  atmospheric  air  circulating  in  a  mine. 
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VentafOor.—Any  means  or  apparatus  for  producixig  a  current  of  air  in  mine 
or  other  airways. 

Vestry  (North  of  England).— A  reftise. 

Veta  (Mexican).— A  metalliferous  vein  of  rock;  a  true  fissure  vein.  Loosely, 
any  mineral  deposit.  Veta  Clavada.—X  vertical  vein.  Veta  Bchada.— An 
inclined  vein.  Veta  SerperUeada.—A  vein  with  frequent  changes  of 
direction  or  course.  Veta  Soda.— A.  vein  that  joins  another.  Veta  Mamal. 
—A  branch  vein.     Veta  Reeoatada.— An  inclined  vein. 

Viewer.— The  general  manager  or  mining  engineer  of  one  or  more  collieries, 
who  has  control  of  the  whole  of  the  underground  works,  and  also  gen- 
erally of  those  on  the  sur&ce. 

Vtnn«2/.— Copper  ore  with  green  efflorescence. 

Vuelta  ( Mexican)  .—In  refining  silver,  the  moment  when  all  impurities  liave 
been  removed  from  the  silver  under  treatment. 

Vug,  or  Vugh  (Cornish).— A  cavity  in  the  rock. 

Wsgon.— A  mine  car. 

Wagon  Breast.- A  breast  in  which  the  mine  cars  are  taken  up  to  the 
working  face. 

fTailtna.— Picking  stones  and  dirt  from  among  coals. 

TFofe  (North  of  England).— Hand-dressing  cou. 

Walking  Beam.— See  Working  Beam. 

WaU.—O.)  The  &ce  of  a  longwall  working  or  breast.  (2)  A  rib  of  solid  coal 
between  two  breasts. 

WaUing.—See  Steening. 

Walling  (Trifta.— Oak  Cribs  or  curbs  upon  which  walling  is  built. 

Walling  Stage.— A  movable  wooden  scaffold  suspended  ftom  a  crab  on  the 
surface,  upon  which  the  workmen  stand  when  walling  or  lining  a  shaft. 

WdU  PkUes.— The  two  longest  pieces  of  timber  in  a  set  used  in  a  rectan- 
gular shaft. 

Warners.— Apparatus  consisting  of  a  varietv  of  delicately  constructed 
machines,  actuated  bv  chemical,  physical,  electrical,  and  mechanical 
properties,  for  indicating  the  presence  of  small  quantities  of  firedamp  in 
the  mines.  At  present,  most  of  these  ingenious  contrivances  JEire  more 
suited  to  the  laboratory  than  for  practical  application  underground. 

Warning  Lamp.— A  safety  lamp  fitted  with  certain  delicate  apparatus,  for 
indicating  very  small  proportions  of  firedamp  in  the  atmosphere  of  a 
mine.    As  small  a  quantity  as  3^  can  be  determined  by  this  means. 

Wash.— Drift,  clay,  stones,  etc.  overlying  the  strata. 

Washer.— A  ^g. 

Wash  Dirt.— That  portion  of  alluvial  working  in  which  most  of  the  gold  is 
found. 

Wash  FauU.—A  portion  of  a  seam  of  coal  replaced  by  shale  or  sandstone. 

Washing  Apparatus,  or  WOshery.—i^)  Machinery  and  appliances  erected  on 
the  surface  at  a  colliery,  generally  in  connection  with  coke  ovens,  for 
extracting,  by  washing  with  water,  the  impurities  mixed  with  the  coal 
dust  or  small  slack.  (2)  Machinery  for  removing  impurities  ftom  small 
sizes  of  anthracite  coal. 

Washout.— The  erosion  of  an  appreciable  extent  of  a  coal  seam  by  aqueous 
agency. 

Wash  Place.— A  place  where  the  ores  are  washed  and  separated  fhun  the 
waste,  usually  applied  to  places  where  the  hand  jigs  are  used. 

Waste.— {\)  See  Goaf.  (2)  Very  small  coal  or  slack.  (3)  The  portion  of  a 
mine  occupied  by  the  return  airways.  (4)  Also  used  to  denote  the 
spaces  between  the  pack  walls  in  the  gob  of  longwall  working.  (5)  Reftise 
material. 

Waste  Gate  (English).— A  door  for  regulating  discharge  of  surplus  water. 

Water  BlaM.— The  sudden  escape  of  air  pent  up  in  rise  workings,  under  con- 
siderable pressure  itova  a  head  or  water  that'has  accumulated  in  a 
connecting  shaft. 

Waier  Cartridge. — A  waterijroof  cartridge  surrounded  by  an  outer  case. 
The  space  between  being  filled  with  water,  which  is  employed  to 
destroy  the  flame  produced  when  the  shot  is  fired,  thereby  lessens  the 
chance  of  an  explosion  should  gas  be  present  in  the  place. 

Waier  Gauge.- Aji  instrument  for  measuring  the  pressure  per  square  foot 
producing  ventilation  in  a  mine. 

^-•ter  Hammer.— The  hammering  noise  caused  by  the  intermittent  escape 
gas  through  water  in  pipes.  ,.g,^^,  .^  Google 
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IFofer-JiacJfcrt.— A  Jacket  filled  with  water,  to  keep  cool  a  cylinder  or  Aimaoe. 

Water  Levd.—An  underground  passa^  or  heading  driven  very  nearly  dead 
level  or  with  suificlent  grade  only  to  drain  off  the  water. 

Water  Bight.— The  privilege  of  takixig  a  certain  quantity  of  water  fhnu  a 
watercourse. 

Watershed.  -  The  elevated  land  or  ridge  that  divides  drainage  areas. 

Waterw?ied  (English).— Overshot,  undershot,  breast  wheels.  A  wheel  pro- 
vided with  Duckets,  which  is  set  in  motion  by  the  weight  or  impact  of  a 
stream  of  water. 

Weather.— To  crumble  by  exposure  to  the  atmosphere. 

WecUher  Door. — See  Trap  Door. 

Wd}.— The  face  of  a  longwall  stall  in  course  of  being  holed  and  broken  down 
for  removal.    The  length  of  breast  or  face  brought  down  by  one  mining. 

Wed^ng.— The  material,  moss  or  wood,  used  to  render  the  shaft  lining 

Wedging  Crib.—X  curb  or  crib  of  wood  or  cast  iron  wedged  tightly  in  place 

and  packed,  in  order  to  form  a  water-tight  joint  and  upon  which  tubbing 

is  built.  J  K- 

Wedging  Dcnm.— Breaking  down  the  coal  at  the  fiice  with  hammers  and 

wedges  instead  of  by  blasting. 
Weeidon.—0\^  ironstone  workinn. 
Weigh  Bridge  (English).— A  platform  large  enough  to  carry  a  wagon,  resting 

on  a  senes  of  levers,  by  means  of  which  heavy  bodies  are  weighed. 
Weize. — A  band  or  ring  of  spun  yam,  rope,  rubber,  lead,  etc.  put  m  between 

the  flanges  of  pipes  before  oolting  them  together,  in  order  to  make  a 

water-tight  Joint. 
Wen. — (1)  The  well  of  a  ftirnace  is  the  deepest  lying  portion  or  hollow  in 

which  the  metal  collects.    (2)  A  sump,  or  a  branch  from  the  sump. 
Whim.—K  winding  drum  worked  by  a  horse. 
Whim  Shajt.—A  shaft  through  which  coal,  ore,  water,  etc.  are  raised  fVom  a 

mine  bv  means  of  a  whim. 
Whin.— A  hard,  compact  rock.  »  ^ 

Whin  Dike.— A  fault  or  fissure  filled  with  whin  and  the  d41t>ris  of  other 

rocks,  sometimes  accompanied  by  a  dislocation  of  the  strata. 
Whip.— A  hoisting  appliance  consisting  of  a  pulley  supporting  the  hoisting 

rope  to  which  the  horse  is  directly  attached. 
Whitedamp.—C&Tbonic  oxide  (CO).    A  gas  found  in  coal  mines,  generally 

where  ventilation  is  slack.    A  product  of  slow  combustion  in  a  limited 

supply  of  air.    It  bums  and  will  support  combustion.    It  is  extremely 

poisonous. 
White  7%n.— The  commercial  name  for  metallic  tin. 
Whits.— See  Tin-WitU. 

Whole  Working.— The  first  working  of  a  seam,  which  divides  it  into  pillars. 
Wild  Lead.— Zinc-blende. 

Wild  Rock.— Any  rock  not  fit  for  commercial  slate. 
IFtn.— To  sink  a  shaft  or  slope,  or  drive  a  drift  to  a  workable  seam  of  mineral 

in  such  a  manner  as  to  permit  its  being  successAilly  worked. 
Winch,  or  WiruUass.-A  hoisting  machine  consisting  of  a  horizonal  drum 

operated  by  crank-arm  and  manual  labor. 
Wind  Bore  (England).— The  bottom  or  suction  pipe  of  a  lift  of  pumps,  which 

has  suitable  brass  holes  or  perforations  for  suction  of  water  or  air. 
Wind  Oatige.— An  anemometer,  for  testing  the  velocity  of  air  in  mines. 
Winding.— The  operation  of  raising  or  hauling  by  means  of  a  steam  engine 

and  ropes,  the  product  of  a  mine. 
Winding  Enaines.-Uoisting  or  haulage  engines. 
Wind  ife^a.— A  system  of  separating  coal  into  various  sizes,  and  extracting 

the  dirt  fh)m  it.  which  in  principle  depends  on  the  specific  gravity  or 

size  of  the  coal  and  the  strength  of  the  current  of  air. 
Wind  SaU.— The  top  p«u-t  of  canvas  piping,  which  is  used  for  conveying  air 
•    down  shallow  shafts. 
Wing  Bore.— A  side  or  fiank  bore  hole. 
Wings.— See  Rests  and  Keeps. 
Winning.— A  sinking  shaft,  a  new  coal,  ironstone,  clay,  shale,  or  other  mine 

of  stratified  material.    A  working  place  in  a  mine. 
WinnovHng  GoM.— Air-blowing.    Tossing  up  dry  powdered  auriferous  mate- 
rial in  the  air,  and  catching  the  heavier  particles  not  blown  away. 
Winze.— Interior  shaft  connecting  levels,  sometimes  used  as  an  ore  chute, 
iron.— Proved,  sunk  to,  and  tested. 
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Wort.— (1)  To  mine.    (2)  Applied  to  mine  working  when  affected  by  squeeze 

or  creep. 
Workable.— Any  seam  that  can  be  profitably  mined. 
Worked  Out.— When  all  available  mineral  has  been  extracted  from  a  mine,  ii 

is  worked  out.  . 

Working.— Aj>j>Ued  to  mine  workings  when  squeezing. 
Working  Barrd.—The  water  cylinder  of  a  pump. 
Working  Beam  (English).— A  beam  having  a  vertical  motion  on  a  rock  shaft 

at  its  center,  one  ena  being  connected  with  the  piston  rod  and  the  othei 

with  a  crank  or  pump  rod,  etc. 
Working  Cost.— The  total  cost  of  producing  the  mineral. 
Working  Face.— See  Face. 
Working  Hotne.— Getting  or  working  out  a  seam  of  coal,  etc.,  firom  tht 

boundary  or  far  end  of  the  mine  toward  the  shaft  bottom. 
Working  on  Air.— A  pump  works  on  air  when  air  is  sucked  up  with  th€ 

Working  Out.— Working  outwards  or  in  the  direction  of  the  boundaries  ol 

the  collieries. 
Working  Ptocc.— The  actual  place  in  a  mine  at  which  the  coal  is  beingr  mined. 
Workings.-The  openings  of  a  colliery,  including  all  roads,  ways,  levels, 

dips,  airways,  etc. 
Work  Lead.-B&ae  bullion,  silver  lead. 
Wrought  Iron.— Iron  in  its  minimum  state  of  carburization. 
Wythem  (Wales).-Lode. 

Xicil  (Mexican).— A  miner's  cabin;  a  storehouse  for  mining  goods;  a  shaft 
house. 

Virdige,  Yird  Work.— Price  paid  per  yard  for  cutting  coal. 
Yard  i*rice.— Various  prices,  per  yard  driven  (in  addition  to  the  tonnage 
prices),  paid  for  roads  of  certain  widths,  and  driven  in  certain  directions. 
YeUow  Ore  (Cornish^.— Chalcopyrite. 
Yield.-The  proportion  of  a  seam  sent  to  market. 

Zone.— In  coal-mining  phraseology,  this  word  means  a  certain  series  of  coal 
seams  with  their  accompanying  shales,  etc.,  which  contain,  for  example, 
much  firedamp,  called  a  fiery  zone,  or,  if  much  water,  a  watery  zone. 
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Abtoluto  PreMure,  195,  345. 

temperature  and  presBure,  344, 345. 
.^boae  of  instrumenta,  8U. 
.cVbutments  (dams),  154. 
.A^cceleration  in  jigging,  440. 
on  inclined  planes,  399. 
T^cid  waters,  Pumps  for,  165. 
J^cres  to  square  feet,  4. 
J^diabatic  compression,  195, 198. 
Jkdiustable  bars,  432. 
.A.dju8tment  of  Burt's  solar  attach- 
ment, 48. 
of  compass,  38. 
of  level,  53. 
of  transit,  41. 
A.fterdamp,  351. 
^fionlc  line  chart.  40. 
Aor  and  mercury  columns,  347. 
brattice,  394. 

bridges,  393.  I 

colunms  In  fUrnace  ventilation,  , 

384. 
Compressed,  194. 
compression,  Theory  of,  194. 
compression,  Horsepower  neces- 
sary for,  406. 
Air  compressors,  194. 

Classification  of,  194.  I 

Compound,  194.  I 

Construction  of,  194. 

Cooling,  195.  ' 

Dry,  196. 

Duplex,  194. 

Horizontal,  cross-compound, 

194. 
Rating  of,  195. 
Simple,  194. 
Stage,  194. 
Straight-line,  194. 
Vertical,  194. 
Wet,  196. 
Air  currents,  Conducting,  393. 
currents,  Splitting  of,  373,  378. 
leaks,  186. 
lift  pumps,  164. 
required  for  ventilation,  362. 
tnuismission,  196. 
Airways,  Similar,  372. 
Alabama  method  of  mining,  297. 
Alternating  current,  217. 
current  dynamos,  224. 
current  motors,  226. 
Alternators,  225. 

Multiphase,  225,  226. 
Single-phase,  225. 
Three-phase,  226. 
Two-phase,  226. 
Altitude,  Effect  of,  on  air  compres- 
sion, 195. 
Aluminum,   Electric    properties   of, 
209. 


American  coals,  168. 

gauge  wire,  208. 

measures  oi  area,  4. 

measures  of  length,  2. 

measures  of  volume.  5. 
Amount  crushed  bv  rolls,  424. 

of  charge,  blasting,  331. 

of  gas  liberated  per  ton  of  coal, 35 
Analyses  of  American  coals,  168. 
Analysis  of  coal,  173. 
Andre's  formula  for  shaft  pillars,  28 
Aneroid  barometer,  339. 
Angle  of  inertia,  398. 

of  rolling  ftiction,  398. 

reading,  45. 
Annunciator  system,  232. 
Anthracite  coal,  169. 

Cubic  feet  in  ton  of,  449. 

Handling,  443. 

Sizes,  of  434. 

Specific  gravity  of,  109. 

mining.  Costs  of,  323. 

mining  methods,  305. 

Percentages  of  different  sizes  o 
323,326. 

Preparation  of,  442. 

screens,  Duty  of,  434. 

Tests  of  compressive  strength  o 
290. 
Apothecaries'  weight,  1. 
Appliances  in  mine  ventilation,  381. 
Arc,  Error  in,  76. 

lamps,  214. 
Area,  Measures  of,  4. 

of  circle,  31. 

of  ellipse,  32. 

of  largest  square  inscribed  in 
circle,  28. 

of  parallelogram,  28. 

of  polygons,  30. 

of  tract  of  land,  To  find,  52. 

of  trapezium,  30. 

of  trapezoid,  30. 

of  triangle,  28. 
Areas,  Calculation  of,  77. 

of  circles,  1  to  1,000,  Table  of,  541 

of  circles,  ^  to  100,  Table  of,  561. 
Arithmetic,  15. 
Arithmetical  progression,  20. 
Armature,  216. 
Arrangement  of  drill  holes,  244,  335. 

of  mine  plan,  381. 

of  slope  tracks,  413. 
Ascensional  ventilation,  381. 
Ash  (coal),  171. 
Ashworth  -  Hepple white  •  Gray  lami 

358. 
Asphyxiation.  451. 
Atmosphere,  Composition  of,  337. 

Weight  of.  337. 
Atmospheric  pressure,  339. 
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Atom,  341. 

Atomic  volume,  341. 

weight,  844. 
Austrian  measures  of  length,  3. 
Avoirdupois  weight,  2. 


Biek  of  Ore,  Caving  i.  320. 
'Balancing  a  conical  drum,  396. « 
Ball  mills,  427. 
Barometer,  839. 
Barometric  elevations,  840. 

variations,  339. 
Barrel!,  J.,  62. 
Barrier  pillars.  287 . 
Bar  signals,  235. 
Base  lines,  46. 
Batteries,  Electric,  229. 
Battery  cells,  Composition  of,  281. 

water,  490. 

working.  307. 
Beams,  102, 105. 
Bearing  in,  283. 

value  of  masonry,  107. 
Bedded  deposits,  279. 

materials.  Prospecting  for,  238. 
Bell  wiring.  230. 

Belting  and  velocity  of  pulleys,  193. 
Bending  rails,  412. 
Bends  in  pipes,  153. 
Bent  plumb-line  method  of  slope  sur- 
veying. 73. 
Biram's  ventilator,  387. 
Bitumen,  Prospecting  for,  249. 
Bituminous  coal,  169. 

Cubic  feet  in  ton  of,  449. 
Handling,  443. 
Blackdamp,  350. 
Blacksmith  coal,  173. 
Blake  crushers,  419. 
Blasting  by  electricity,  332. 
Bleeding  from  scalp  wounds,  451. 
Blossburg  method  of  mining,  296. 
Blower  fans,  386. 
Board  measure,  13. 
Boiler,  176. 

Care  of.  185. 

capacity,  181. 

Choice  of,  179, 180. 

cleaning,  186. 

coverings,  183. 

feed-pumps.  161. 

iron,  thickness  required,  187. 

scale,  181. 

tests,  188. 
Boltheads, Weight  of,  116. 
Bolts  per  mile  of  track,  117. 
Bolts,  Weight  of,  116. 
Bonnett,  268. 
Bord-and-pillar,  280. 
Bore-hole  records,  244,  250. 

holes.  242. 
Bottoms,  Slope,  413. 
Boxes  for  electric  fUses,  224. 
Box  regulator.  875,  377. 
Boyle's  law,  195.  345. 
Brass,  Weight  of.  Ill,  112,  114, 115. 
Jrattice,  Air,  394: 


Breast  boards  270. 

wheels,  157. 
Bridges,  Air,  393. 
Briqueting,  448. 

British  imperial  measure  (liquid  and 
dry)r5. 

measures  of  area,  4. 

measures  of  length,  2. 

measures  of  volume,  5. 

thermal  unit,  168. 
Brown  coal,  170. 

Brown's  method  of  mining  anthra- 
cite, 306. 
Brown  &  Sharpe  gauge,  206. 
Buckets,  Conveying,  446. 
Buggy  breasts,  291. 
Bladings,  283. 
Bulling,  330. 
Buntons,  270. 

Burt's  solar  attachment,  47. 
Butt  cleats,  284. 


Cibles,  Cleetrie,  209. 
CablewavB  in  mining,  278. 
Calculation  of  areas,  77. 

of  mine  resistance,  366. 

of  wires/or  electric  transmission, 
210. 
California  method  of  mining,  300. 

stamps,  428. 
Calorie,  168. 

Calumet  classifier,  435.  '  I 

Cams  for  stamps,  429. 
Cannel  coal,  170. 
Capacitv  of  boilers,  181. 

of  electric  cables,  209. 

of  mining  machines,  337. 

of  pumps,  161.* 

of  shaking  screens,  432.  I 

of  standard  steel  buckets,  446. 
Capell  ventilator,  389. 
Carat,  12. 
Carbonic-acid  gas,  850. 

oxide  gas,  349. 
Castings,  Weight  of  iron,  copper,  lead, 

brass,  or  zinc.  111.  I 

Caving  a  back  of  ore,  320. 

methods,  320. 

waste  only,  320.  I 

Cells,  Various  types  of,  231. 
Centers,  89.  , 

Centigrade  to  Fahrenheit,  866. 

to  R^umur,  366.  I 

Centrifligal  fans,  386. 

pumps,  164. 

roller  mills,  426.  i 

Chain,  Surveyor's,  42. 

cutter  machines,  337. 

J)illars,  287. 
ns.  Iron,  129. 
Chamber-and-pillar  method,  818. 
Chambering,  330. 
Channels,  Flow  in,  142. 
Character  of  floor  and  roof  on  size  of 

pillars.  Influence  oC  280. 
Charging  a  hole.  330. 
,  Charles' law,  345. 
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Chemical  compounds,  341. 

equations,  341. 

symbols,  341. 
Oliemistry  of  gases,  341. 
diimneys,  189. 
Olilnese  measures  of  length,  4. 
Cliock,  268. 

Choice  of  a  boiler,  179, 180. 
Oliokedamp,  350. 
Clium  drills,  242. 
Cliute  breasts,  292. 

mining,  309. 
Circles,  31. 

areas  of,  1  to  1,000,  Table  of,  545. 
areas  of,  A  to  100,  Table  of,  561. 
Circuit,  Electric,  205. 
Circular  mil,  207. 
Circulation  of  boilers,  181. 
Circumferences,  1  to  1,000,  Table  of, 
545. 
^  to  100,  Table  of,  561. 
Clanny  lamp,  356. 
Classifiers,  Hydraulic,  434. 
Classifying  apparatus,  431. 
Cleaning  safefy  lamps,  358. 
Clearfield  metnod  or  mining,  295. 
Cleats,  284. 
Clinometer.  44. 
Closed  work,  279. 
Close  workings.  Shots  in,  361. 
Closing  surveys,  68. 
Coal,  169, 

analysis,  173. 

Anthracite,  169. 

Bituminous,  169. 

Blacksmith,  173. 

Brown,  170. 

Cannel,  170. 

Coking,  170. 

Composition  of,  170. 

dealers*  computing  table,  452. 

Domestic,  173. 

dust.  Effect  of,  360. 

Free-burning,  170. 

Gas,  173. 

Hard,  169. 

Hardness  of,  171. 

Iron-making,  172. 

Ugnite.  170. 

Preparation  of,  418. 

Prices  of,  326.  327. 

Production  of  U.  S.,  326. 

Prospecting  for,  238. 

Running  of,  312. 

Semianthracite,  169. 

Semibituminous,  169. 

Sizes  of,  173,  434. 

Soft,  169. 

Specific  gravity  of;  109, 171.    . 

SpUnt.  170. 

Steaming,  171. 

Storage  of,  291. 

Strength  of,  171. 

washers,  436. 

Weight  of,  170. 
Coals,  Cubic  feet  in  ton  of  various, 

109, 170. 
Cockermegs,  268. 


Coefficient  of  contraction    (water), 
185. 

of  discharge  (water),  135. 

of  discharge  with  weirs,  140. 

of  rolling  firiction,  398. 

of  roughness  for  water  channels, 
144. 

of  velocity  (water),  135. 
Coeflicients  of  fHction   for  various 
materials,  95.  96. 

of  fHction  of  air  in  mines,  367. 
Cog,  268. 
Coins,  10. 
Coke,  172. 

ovens.  Cost  of,  328. 
Coking  coals,  170. 

coal.  Cost  of,  328. 
Collar,  -268. 

Collimation,  Line  of,  53. 
Colorado  method  of  mining,  302. 
Color  of  coal  ash,  171. 
Columns,  Safe  loads  for,  106. 
Combustibles,  166. 
Combustion,  Spontaneous,  291. 
Common  ftactions,  15. 
Commutator,  216. 

Comparison  of  aluminum  and  copper 
for  electric  use,  209. 

of  hydraulic  formulas,  149. 

of  methods  of  shaft  sinking,  262. 

of  vacuum  and  plenum  systems  of 
ventilation,  386. 
Compass.  38. 

To  adjust,  38. 

To  use,  39. 

vernier,  39. 

field  notes,  44. 
Complement  of  angle,  34. 
Composition  of  atmosphere,  337. 
.  of  coals,  170. 

offerees,  95. 

of  fliels,  169. 
Compound,  Chemical,  341. 

lever,  92. 

wound  dynamos,  219. 
Compressed  air,  194. 
haulage,  403. 
haulage  problems,  404. 
Compressibility  of  liquids,  133. 
Compressive  strength  of  anthracite, 

289. 
Condensers,  176. 

Conducting  power  of  various  sub- 
stances, 184. 
Conductors  (guides),  398. 

relectrical),  207. 

lor  electric-haulage  plants,  214. 
Cone,  33. 
Conical  drums,  394. 

drum.  To  balance,  396. 
Connecting  outside  and  inside  sur- 
veys, 68. 
Connections  for   continuous-current 

motors,  223. 
Connellsvllle  method  of  mining,  293. 
Constant-current  circuit,  206. 

potential  circuits,  206. 

power,  372. 


626 


INDEX. 


Constant  pressure  ^  372. 

pressure  circuits,  206. 

quantity,  372. 

velocity,  372. 
Constants  for  mine  gases,  M9. 

for  wooden  beams,  108. 
Construction  of  air  compressors,  194. 

of  dams,  133. 

of  a  mine  fbmace,  383. 
Contents  of  a  coal  seam,  To  And,  52. 

of  cylinders,  6. 
Continuous-current  motors,  Connec- 
tions for,  223. 

vernier,  45. 
Contraction,Coefficientof(water),135. 
Control  of  roof  pressure,  284. 
Conversion  factors  (hydraulic),  141. 

of  thermometer  readings,  366. 

tables,  7, 10. 
Conveyors,  Horsepower  of,  446. 
Coordinates,  51. 
Copper,  Electric  properties  of,  209. 

Weight  of.  111,  112, 114, 115. 

Wire,  208. 
Cornish  pumps,  158. 

rolls,  423. 

underhand  stoping,  316. 
Corps,  Mine,  66. 

Corresponding  mercury  and  air  col- 
umns, i  able  of,  347. 
Corrugated  rolls,  422. 
Cosecant,  35,  454. 
Cosine,  35,  453. 
Cost  of  bnqueting.  449. 

of  coke  ovens.  328. 

of  coking  coal,  328. 

of  drilling,  "244-247. 

of  haulage,  409. 

of  mining  anthracite,  322. 

of  sinking.  263. 

of  stamping,  430. 

of  unloading  coal.  447. 

of  well  drilling,  242. 
Cotangent,  35,  453. 
Cotangents,  Natural.  Table  of.  464. 
C^overings,  Boiler  and  pipe,  183. 
Coversed  sine,  35. 
Coyoting,  321. 
Cracking  rolls,  421. 
Crib,  268. 
Cribbing,  270. 

Cross-section  of  electric  wires,  207. 
Cross-sections,  Construction  of,  249. 
(Pushing  load  of  wood,  105. 

machinery',  418,  431. 

mills,  426. 

rolls,  423. 

rolls.  Table  of,  425,  426. 
Cube.  33. 

root,  19,  545. 

roots,  Table  of,  545. 
Cubes,  Table  of.  545. 
cubic  feet  occupied  by  ton  of  various 

coals  449 
Culm.  Flushing  of,  314. 
^urrent  estimates,  212. 

motors,  157. 

tains,  394. 


Curves  for  mine  roads,  411. 
Bailroad,78. 
on  slopes,  Vertical,  416. 
Cylinder,  33. 

Cylinders,  Contents  of,  6. 
in  a  pump,  Ratio  of,  160. 
of  a  noisting  engine.  To  find  size 

of,  397. 
To  find  contents  of,  in  U.  8.  gal- 
lons or  bushels,  5. 
Cylindrical  boiler,  Biaximum   work 
of,  178. 
boilers.  Economy  of,  188. 
drums,  394. 
drum.  To  find  period  of  winding, 

397. 
rings,  34. 


Dams,  154. 

Debris,  156. 

Earth,  156. 

in  mines,  133. 

Masonry,  156. 

Stone,  155. 

Wing,  156. 
Danish  measures  of  length.  3. 
Darcy's  formulas  (hydraulic),  148. 
Davy  lamp,  356. 
Debris  dams,  156. 
Decimals,  16. 

Decimals  of  a  foot  for  each  A  Inch,  3. 
Declination.  Magnetic,  39. 

of  Polaris,  46. 
Deflected  angle,  45. 
Deflections  in  power-  transmission 

ropes.  Table  of,  122. 
Density  of  a  gas,  344. 
Departures,  537. 
Deposits  over  8  ft.  thick.  318. 
Depth  of  shafts.  Calculation  of,  310. 

of  suction,  162. 
Derangement  of  ventilating  current, 

Detaching  hooks,  398. 

Detection  of  small  percentages  of  g&s. 

356. 
Detonation,  331. 
Diagram  for  reporting  on  minernl 

lands.  252. 
Diameter  of  holes  (blasting),  330. 
Diamond  driU,  243. 

weight.  12. 
Dies  for  stamps,  429. 
Differential  pulley,  94. 
Diffusion  of  gases,  346,  348. 
Dip  and  strike  ftom  bore-hole  records. 
250. 
workings.  Ventilation  of,  382. 
Direct-current  circuits,  210. 
dynamos,  215. 
motors,  220. 
Direction  of  &ce,  284. 
Directions  for  blasting  by  electricity, 

332.  : 

Discharge,  Coefficient  of  (water),  135. 
gates  (dams),  154.  | 

through  V  notch,  138. 
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Disintegrating  rolls,  423. 
Disk  fans,  385. 
Distance,  Errors  in^  77. 

from  center  to  center  of  breasts, 
Table,  287. 
Distribution  of  air  in  mine  ventila- 
tion, 373. 
Ditclies.  142. 

Banks  of,  143. 
Capacity  of,  143. 
GTades  of,  143. 
Velocity  in,  142. 
Division  or  air-current,  Proportional, 

375. 
D.,  L«.  &  W.  telephone  system,  234. 
Dodge  crushers,  419. 
Domestic  coals,  173. 
Door  regulator,  376, 377. 

regulator,  Size  of  opening  for,  377. 
Doors,  398. 

Double-chute  battery,  309. 
cylindrical  drams,  394. 
entry,  284. 
Draft,  190. 

Drainage  in  shaft  sinking,  263. 
Drawbar  pull  of  electric  locomotives, 

407. 
Drawing  pillars,  289. 
Dredge  (centrifugal  pump),  164. 
Dredging,  279. 
Dressing  of  ores,  418. 
Drift  of  drill  holes,  243. 
Drill,  Diamond,  243. 
holes,  243. 

holes,  Arrangement  of,  335. 
records,  244,  250. 
Drilling,  242,  330. 
Driving  the  gangway,  264. 
Dron's  formula  for  shaft  pillars,  285. 
Drop  for  stamps,  428. 
Drums,  Conical,  394. 

Double-cylindrical,  394. 
for  wire  rope,  1,23. 
Dry  measure  (17.  8.),  5. 
Dunn's  table  of  size  of  pillars,  286. 
Duplex  pumps,  158. 
Dust  briquets,  448. 
Effect  of,  360. 
Duty  of  anthracite  screens,  434. 
of  miners'  inch,  137. 
of  stamps,  430. 
D3rnamite,  Thawing,  329. 
Dynamos,  215. 

Alternating-current,  224. 
Compound-wound,  219. 
Series-wound,  219. 
Shunt- wound,  219. 


Earth  Augeri ,  242. 

dams,  156. 
Economizers,  185. 
Effect  of  altitude  on  air  compression, 

196. 
Efficiency,  Manometrical,  390. 

Mechanical,  390. 

of  water-power,  156. 
Electric  blasting,  332. 


Electric  circuit,  205. 

exploder,  332. 

haulage,  406. 

haulage  plants,  Conductors  for, 
214. 

haulage  problem,  407. 

locomotives,  Drawbar  pull  of,  407. 

locomotives,  Hauling  capacity  of, 
408. 

power,  204. 

pumps,  162. 

resistance,  Estimation  of,  209. 

signaUng,  229-235. 

units,  2G§. 

wiring,  207. 
Electricity,  203. 
Electromotive  force,  203,  218. 
Elements,  341. 

in  ventilation,  363. 

of  mechanics,  91. 

Table  of,  342. 
Elevating  capacity  of  buckets,  446. 
Elevation  of  rails  for  mine  roads,  412. 
Elevations,  Barometric,  »40. 
Elevators,  Water,  164. 
Ellipse,  32. 
End  cleats,  284. 

on,  285. 

plates,  270. 
Endless-rope  haulage,  401. 
Engine  drivers.  Rules  for,  191. 

planes,  399. 
Engines,  Sinking,  263. 

Steam,  190. 
Entries,  Number  of,  284. 
Equal  settling  factors,  Table  of,  439. 

settling  particles,  439. 

shadows,  47. 

splits  of  air,  374. 
Equations,  Chemical,  341. 
Equilibrium  of  liquids,  130. 
Equivalent  orifice,  367. 
Errors,  76. 

in  arc,  76. 

in  distance,  77. 

in  measurement,  77. 

in  surveying,  66,  76. 
Eschka's  method  of  analysis  for  sul- 
phur, 174. 
Establishing  a  meridian  with  solar 

attachment,  47. 
Estimates  of  current,  212. 
Evolution,  19,  545. 
Excitation  of  dynamos,  218. 
Exhaust  fans,  386. 
Expansion  of  gases,  344. 
Exploder,  Electric,  332. 
Exploring  workings,  361. 
Explosions,  Exploring  workings  after 
361. 

in  boilers,  179. 
Explosive  conditions  in  mines,  359. 
Explosives,  329. 

Pressures  developed  by,  334. 

Relative    strengths    of    various 
brands  of,  330. 

Values  of,  336. 
Eytelwein'sformulas  (hydraulic),  148 
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Fiee  Clefts.  284. 

Direction  of,  284. 

on,  285. 
Factor  of  a  mine,  Potential,  867. 
Factors,  Conversion  (hydraulic),  141. 
Fahrenheit  to  centigrade,  366. 
Fan  construction.  Principles  of,  391. 

tests,  392. 

ventilation,  373,  385. 
Fans,  Ventilating,  386. 
Fastenings  for  wire  rope,  126. 
Feeders  of  gas,  352. 
Feed-pumps,  161, 186. 
Feed  water  for  boilers,  186. 
Field  excitation  of  dynamos,  218. 

magnet,  216. 

notes  for  outside  compass  survey, 
44. 
FUling  methods,  319. 
Finger  bars,  432. 
Firedamp,  351. 
Fires,  Gob,  291. 
Firing  a  boiler,  186. 

blasts,  331. 

by  detonation,  331. 
Fixed  carbon  in  coal,  171, 174. 
Flash  signals,  234. 
Flat  deposits,  318. 
Flat  ropes,  119,  394. 
Flights,  Capacity  of,  446. 
Flow  of  water  in  channels,  142, 144. 
in  rivers,  145. 
through  flumes,  146. 
through  orifices,  135. 
through  pipes,  147, 160. 
Flumes,  145,  443. 

Flow  of  water  through,  146. 

Grade  of,  145. 
Flushing  of  culm,  314. 
Foaming  (boilers),  186. 
Forced  draft,  190. 
Force  fans,  386. 
Forces,  Composition  of,  95. 
Foreign  coins,  Values  of,  11. 


Forepoling,  260,  270. 
Form  of  roll  t 


1  teeth,  422. 
Forms  of  mine  timbering,  267. 
Formulas  for  air  splitting,  378. 

for  inclined  planes,  399. 

in  ventilation,  370. 
Foster's  formula  for  shaft  pillars,  286. 
Foundations  (dams),  154. 
Fractions,  15. 

Common,  15. 

Decimal,  16. 

Table  of  equivalent  decimal,  16. 
Fragmental  deposits.  Mining  of,  278. 
Free-burning  coals,  170. 

gold  per  ton  of  ore,  Value  of,  241. 
Freezing  process,  260. 
Friction.  95. 

coefficients  for  air  in  mines,  367. 

coefficients  for  various  materials, 
95,96. 

in  knees  and  bends,  153. 

of  air  in  pipes,  201. 

of  mine  cars,  96. 

of  water  in  pipes,  151. 


Friction  pull  on  endless  rope,  402. 

Frictionai  resistance  of  shafting,  96. 

Frozen  ground,  Mining  of,  322. 

Frustums,  34. 

Fuel  dust  briquets,  448. 

Fuels,  166. 

Composition  of.  169.  ' 
Furnace  stack,  385. 

Construction  of  ventilating,  383. 

ventilation,  373. 

ventilation.  Air  columns  in,  381. 
Fuse  boxes,  224. 
Fuses.  224. 
Fusible  plugs,  186. 


Gflvanie  Action  Around  Boilers ,  187. 
Gangway  driving,  264. 

Umbers,  268. 
Gas  coals,  173. 

feeders,  352. 

Testing  for,  354. 

Outbursts  of,  352,  360. 
Gases,  Chemistry  of^  341. 

DififUsion  of,  346,  348. 

enclosed  in  the  pores  of  coal,  353. 

found  in  mines,  348. 

Pressure  of,  345. 

Properties  of,  344. 

Transpiration  of,  346,  348. 
Gate  for  jisr,  438. 
Gates  crusher.  Table  of,  422. 
Gauge  cocks,  186. 

ofmine  tracks,  411. 

Pressure,  185. 

Water,  365. 

Wire,  207,  208. 
Gauging  by  weirs,  138. 

water,  136. 
Gay-Lussac's  law,  196,  345. 
Gears,  Train  of,  92. 
Gems  and  precious  stones.  Prospect- 
ing for,  241. 
General  mathematical  principles,  14. 

remarks  on  surveying,  49. 
Geological  maps,  Construction  of,  249, 

periods,  237. 
Geometrical  problems,  25. 

progression,  21. 
Geometry,  24. 
Geordy  lamp,  356. 

George's  creek  method  of  mining,  297. 
Gilpin  county  stamps,  428. 
Glossary  of  mining  terms,  565. 
Gob  fires,  291. 
Gold  coins,  10. 

mine.  Opening  of,  258. 
Gonda  tyi)e  of  cell,  230. 
Gophering,  321. 

Gould's  formulas  (hydraulic),  148. 
Grade  of  mine  road,  410. 
Gradient,  Hydraulic,  147. 
Graham's  law,  346. 
Gravity  planes.  398. 

Spedfic,  107. 

specific.  Table  of,  106. 

stamps,  427. 
Gray  lamp,  358. 
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OTizzUes,  431 . 
Ouibal  ventilator,  388. 
Oiiides,  398. 
Oyratory  crushers,  420. 


Half  on,  285. 
Hammer  crashers,  423. 
Bandling  of  material,  443. 
Hard  coal,  169,  313. 
ELardness  of  coal,  171. 
Maula«re,  398. 

by  compressed  air,  403. 
Cost  of,  409. 
Electric,  214,  406. 
Motor,  402. 
problems,  399,  407. 
road  sigrnals,  235. 
rope,  122,  400. 
Speed  of,  408. 
Hauling  capacity  of  electric  locomo- 
tives, 408. 
Ha wksley's  formula  (hydraulic),  148. 
Head-bars,  431. 
block,  268. 
fi-ames,  275,  397. 
frames,  Sinking,  262. 
gears,  276. 
sheaves,  397. 
Headboard,  268. 
Heating  surface  of  a  boiler,  177. 

values  of  American  coals,  168. 
Heberle  gate,  438. 
High  explosives,  329. 
Hill,  E.,  198. 

Hints  for  mining  small  seams,  313. 
to  beginners  in  surveving,  80. 
Hoistincr,  394. 

engine  cylinders,  397. 
engine,  To  find  size  of,  396. 
problems,  396. 

ropes,  Starting  strain  on,  126. 
ropes.  Stress  in,  123. 
Hooks,  Detaching,  398. 
Horizontal  distances,  50,  87,  537. 
distances,  Stadia  table  of,  87. 
Horsepower  for  box  regulators,  377. 
for  bucket  elevators,  445. 
for  door  regulators,  377. 
necessary  to  compress  air,  406. 
of  air-currents,  363. 
of  boilers,  177. 
of  coal  conveyor,  445. 
of  engine,  190. 
of  manila  ropes,  126. 
of  stamps,  430. 
of  a  stream,  157. 
required  to  raise  water,  161. 
Hughes's  formula  for  shaft  pillars, 

286. 
Hydraulic  classifiers,  434. 
gradient,  147. 
placer  mining,  278. 
Hydraulics,  135. 
Hydrocarbons,  349. 
Hydrogen  disulphide  H-^S,  850. 

Sulphuretted,  350. 
Hydrostatics,  130. 


I  Beams,  Safe  Loads  for,  104. 
Illuminating  power  of  safety  lamps, 

:«9. 
Impulse  wheels,  158. 
Incandescent  lamps,  213. 
Inch,  Miners',  186. 
Inclined  plane,  93. 

plane,  Stress  in  hoisting  ropes  on, 
123. 

roads,  Calculation  of  power  for, 
402. 

roads,  Haulage  on,  398. 

shafts.  Surveying,  73. 
Included  angle,  45. 
Incrustation  and  scale,  182. 
Indiana  method  of  mining,  298. 
Individual  angle,  45. 
Induction  motors,  227. 
Inertia,  Angle  of,  398. 
Influence  Of  flirnace  stack  on  venti- 
lation, 385. 

of  seasons  on  ventilation,  382. 
Injector,  186. 

Area  of  nozzle  of,  187. 

Delivery  in  gallons  per  hour  of, 
187. 
Inside  surveys,  56,  67. 
Inspection  of  boilers,  181. 
Insulated  wires,  212. 
Interstitial  currents,  439. 

factors,  440. 
Involution,  19,  545. 
Iowa  method  of  mining,  299. 
Iron  beams,  103. 

for  track,  117. 

pipe,  Weight  of,  113. 

supports,  272. 

Wefehtofflat,115. 
,     Weight  of  wrought,  114, 
Irregular  mining  deposits,  321. 
Isogonic  chart,  40. 
Isothermal  compression,  195, 198. 


Jaw  Crushers,  419. 

Jeflfrev-Robinson  coal  washer,  436. 
Jigs,  437. 
Joints  in  mine  timbering,  267. 


Kind-Chaudron  Method  of  Sinking,  262.  ■ 

Knees  in  pipes,  153. 

Koepe  system  of  hoisting,  395. 


Lamp  Teats  for  6aa,  354. 
Lamps,  Arc,  214. 

Incandescent,  213. 

Safety,  355. 

Testing,  355. 
Lancashire  boiler,  177. 
Landings,  Timbering  of,  272. 
Large  deposits  over  8  ft.  thick.  Min- 
ing, 318. 
Latches,  413. 
Latitude,  50,  537. 

with  Burt's  solar,  48.  i 
Launders,  443.  ^gle 
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of  settling  partic 
Laws  in  regard  to  air  splitting,  373. 

in  regard  to  quantity  of  air,  363. 

of  voiame,  341. 
Leaching  methods  of  mining,  322. 
Lead,  Weight  of,  111,  113. 114, 115. 
Leclanch4  cell,  229. 
Lehigh  region.  Costs  of  mining  in, 

323. 
Length,  Measures  of,  2. 

of  steep  pitch  on  inclined  plane, 
399. 
Leveling,  53. 

Trigonometric,  56. 
Level  notes,  55.  62.  • 

roads.  Haulage  on,  398. 

timbers,  268. 
Levels  (gangways),  316, 

in  metal  mines,  264. 
Levers,  91. 
Lid,  268. 
Life  of  shoes  and  dies,  429. 

of  wire  rope,  123. 
Lignite,  170. 
Line  shafting,  110. 
Liquid  measure  (U.  8.),  5. 
Liquids,  Compressibility  of,  133. 
Load  for  wire  rope,  125. 

that  a  hoisting  engine  will  start. 
To  find,  396. 
Locating  errors,  76. 

special  work,  77. 
Locks  for  lamps,  358. 
Locomotive  haulage,  402. 
Logarithmic  functions,  Table  of,  492. 
Logarithms.  22,  473. 

of  numbers,  Table,  473. 

of  trigonometric  functions.  Table 
of,  492. 
Log  washer,  436. 

Long-hole  process  of  shaft  sinking, 
262. 

horn,  285. 

section,  64. 

splice,  128. 
Longitudinal  back  stoping  with  fill- 
ing, 319. 
Longwall  method,  281,  302. 

Modifications  of,  302. 

Timbering,  283. 
Loss  in  transmitting  air,  198. 

of  blood.  449. 

of  head  in  pipe  by  ifWction,  151. 

of  heat  from  steam  pipes,  184. 

of  pressure  of  air  in  pipes,  202. 
Low  explosives,  329. 
Lubricants  for  different  purposes,  102. 
Lubrication,  100. 


Machine  Mining,  336. 
Magnetic  prospecting,  248. 

variation,  39. 
Malleable-iron  buckets,  446. 
Manila  ropes,  Power  transmitted  by, 
126. 
anometrical  efficiency,  390. 
^ping,  74. 


Maps,  Geological,  249. 
Mariotte's  law,  345. 
Marsaut  lamp,  358. 
Marsh  gas,  348. 

Masonry,  Bearing  value  of,  107. 
daxns,  156. 
supports,  272. 
Material,  Handling  of,  443. 
Mathematical  signs,  14. 
Mathematics,  14. 
Measurement,  Error  in.  77. 
of  temperature,  366. 
of  ventilating  currents,  364. 
Measures  of  area,  4. 
American,  4. 
British,  4. 
Metric,  4. 
Measures  of  Length,  2. 
American,  2. 
Austrian,  3. 
British,  2. 
Chinese,  4. 
Danish,  8. 
Metric,  3. 
Norwegian.  8. 
Prussian,  3. 
Russian,  3. 
Swedish,  4. 
Measures  of  volume,  5. 
American,  5. 
British,  5. 
Metric.  5. 
Mechanical  efficiency,  390. 
mixture,  341. 
ventilators,  385. 
Mechanics,  91. 
Mensuration,  28. 
of  solids,  33. 
of  surfaces,  28. 
Mercurial  barometer,  339. 
Mercury  and  air  columns,  347. 

column  corresponding  to  water 
column,  340. 
Meridians,  46. 
Merivale's  formula  for  shaft  pillars, 

285. 
Mesh  for  shaking  screens,  433. 

of  revolving  screens  for  anthra- 
cite, 434. 
Si2eof.4S8. 
Metal  linings  for  shafts,  260. 
Methods  and  aippliances  in  mine  ven- 
tilation, ^1. 
Methods  of  mining,  277. 
Alabama,  297. 
anthracite,  305. 
Blossburg,  298. 
Brown's,  806. 
California,  300. 
Clearfield,  295. 
Colorado,  302. 
ConnellsviUe,  293. 
George's  creek,  297. 
Indiana,  298. 
Iowa,  299. 

mineral  deposits,  316. 
Newcastle,  Colo.,  302. 
Pittsburg,  295. 
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Methods  of  Mining:,   Reynoldsville, 
295. 
Tesla,  Cal.,  300. 
West  Virginia,  296. 
wnUam/,  312. 
Methods  of  gurveylng,  67. 
Metric  conversion  tables,  7-10. 

measures  of  area,  4. 

measures  of  length,  3. 

measures  of  volume,  5. 

system,  1,  2,  3,  9. 10. 

weight,  2. 
Mil.  207. 

Milling  system,  278. 
Mine-car  friction  tests,  98. 

cars.  Friction  of,  96. 

corps,  66. 

dams,  133. 

explosions,  361. 

gases,  348. 

gases,  Table  of,  349. 

Opening  a,  257. 

plan,  Arrangement  of,  381. 

resistances,  364,  366. 

roads.  410. 

sampling,  174. 

telephones,  233. 

timber  and  timbering,  265.  • 

tracks,  410. 
Mineral  available  in  a  prospect,  251. 

deposits.  Methods  of  mining,  816. 

lands,  Report,  on,  252. 
Miners'  inch,  136. 
Mining  terms.  Glossary  of,  565. 
Mixture,  Mechanical,  341. 
Moisture  in  coal,  171, 174. 
Molecule,  341. 
Money,  Tables  of,  10. 
Morris.  W.  H.,  127. 
Motor  haulage,  402. 
Motors,  214, 215. 

Current  (water),  157. 

Induction,  227. 

Regulation  of  speed  of,  222. 

Synchronous.  226. 
Movable  bars,  432. 

pulley,  94. 
Mueseler  lamp,  358. 
Multiphase  alternators,  225. 
Murphy  ventilator,  389. 


Naiis,  Sizes,  Etc.  of.  114. 

Nasmyth  fan,  387. 

Natural  division  of  air-currents,  374. 

functions.  Tables  of,  453. 

gas.  Prospecting  for,  249. 

splitting,  Calculation  of,  374. 

ventilation,  381. 
NeedUng,  268. 

Neville's  formula  (hydraulic),  148. 
Newcastle,    Colorado,     method     of 

mining,  302. 
Nitrogen,  348. 
Non-conductors,  Relative  values  of, 

185. 
Norwegian  measures  of  length,  3. 
Notes  (survey),  60. 


Notes,  Compass  field,  44. 

for  outside  compaas  survey,  44. 

Level,  55,  62. 

on  mapping,  74. 

Side,  60,  61. 

Stope-book,  62. 

Transit,  60. 
Nozzle,  Injector,  187. 
Number  of  cars  in  a  trip  on  a  self- 
acting  incline.  399. 
Nuts,  Weight  of,  116. 


Ocelttded  Gases.  352. 

Occurrence  or  gases  in  mines,  351. 

Ohm's  law,  204. 

Oils  for  safety  lamps,  356. 

Lubricating,  100, 102. 
Open  channels,  142. 

work,  277. 
Opening  a  mine,  257. 

in  box  regulators,  876. 
Order  of  drop  of  stamps,  428. 
Ore  deposits,  238. 

dressing,  418. 

Handling  of,  443. 
Orifice,  Equivalent,  367. 
Oscillating  bars,  432. 
Outbursts  of  gas,  352,  360. 
Outside  surveys,  67. 
Overcasts.  393. 
Overhand  stoping,  304,  317. 
Overshot  wheels,  168. 
Oxygen,  348. 


Packing  for  Puropi,  159. 

Pack  walls,  283. 

Paint,  59. 

Pamely '8  formula  for  shaft  pillars,  286. 

Panel  system,  283. 

Parallel  circuits,  206. 

Parallelograms,  28. 

Parallelopiped,  33. 

Peele,  Robert,  194. 

Percentage,  20. 

Percussion  drills,'242. 

Period  of  winding  on  a  cylindrical 

drum.  To  find,  397. 
Permitted  explosives,  329. 
Petroleum,  Fuel  Value  of,  167. 

Prospecting  for,  249. 
Pick  machines,  836. 
Pillar  timber,  268. 

and  chamber,  280. 

and  stall,  281,  292. 

drawing,  289. 
Pillars,  285. 

Weight  on,  at  different  depths,  287. 

Wooden,  105. 
Pins,  43. 
Pipes,  Flow  through,  147, 150. 

Friction  in,  151. 

Pressure  of  water  In,  132. 

Thickness  of,  133. 

used  for  compressed-air  haulage, 
Table  of,  406. 
Piston  speed  of  pumps,  161. 
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Pitch  at  which  anthracite  will  run, 
Table  of,  443. 

distance,  51. 
Pitching  work  surveys,  68. 
Pittsburg  method  of  mining.  295. 
Placer  deposits,  Prospecting  for,  240. 

mining,  278.  , 

Plane  trigonometry,  84. 
Planes,  Engine,  399.  I 

Gravity,  398.  ' 

Plates,  metal.  Weight  of;  112.  i 

Platform  bars,  431. 
Plats,  Timbering  of.  272. 
Plenum  system  of  ventilation.  386. 
Plotting,  49. 

by  coordinates,  51. 
Plow-steel  rope,  120. 
Plugs,  186. 
Plumb-bob.  44. 
Plumbing  of  shafts,  69. 
Pneumatic  method  of  shaft  sinking 
260. 

stamps,  430. 
Pockets  of  gas,  352. 
Poetsch-Sooysmith  process  (freezing 

method),  260. 
Polaris  observation,  46. 
Polygons,  30. 
Post  and  breast  cap,  268. 
Potential  factor  of  a  mine,  367. 
Pound  calorie,  168.  : 

Power,  Electrical,  204. 

for  hoisting,  395.  I 

in  miiie  ventilation,  367. 

of  air-currents,  363.  I 

of  a  hoisting  engine,  To  find,  .396.  > 

of  an  explosive,  334. 

of  waterfall,  157.  ' 

pumps,  162.  I 

required  for  inclined  roads,  402.     ; 

stamps,  431. 

Water,  156. 
Practical  examples  in  the  solution  of 
triangles,  35. 

splitting  of  air-currents,  373. 
Precious  stones.  Prospecting  for,  241. 
Preliminary  work,  'aT. 
Preparation  of  anthracite,  Diagram 
of,  442. 

of  coal  and  ore,  418. 
Preservation  of  timber,  265. 
Pressure.  Absolute,  345. 

as  affecting  explosive  conditions, 
361. 

developed  by  explosives.  3.34. 

for  box  regulators,  376. 

gauge,  185. 

of  anthracite  coal  against  walls, 
445. 

of  bituminous  coal  against  walls, 
444. 

of  gases,  345. 

of  liquids  on  surfaces.  130. 

of  occluded  gases,  352. 

of  steam  at  different  tempera- 
tures, 188.     • 

of  water  in  pipes,  132. 
on  heading,  130. 


Pressure  of  water  on  plane  surface, 

132. 
Prices  per  ton  of  coal  at  ]xiines,Table. 

Primary  splits,  374. 

Prism,  33. 

Prismoidal  formula,  34. 

Problem  in  compressedioir  haulage. 

404. 
Problems  in  geometrical    constrac- 
tion,  25. 

in  haulage,  399. 

in  hoisting,  396. 
Progression,  Arithmetical,  20. 

Geometrical,  21. 
Properties  of  copper  wire,  208. 

of  materials,  107. 
Proportion,  or  Rule  of  Three,  18. 
Proportional  division  of  the  air-cur- 
rent, 875. 
Props,  Undersetting  of,  276,  277. 

Wooden,  105. 
Prospecting,  235. 

for  bitumen,  249. 

for  natural  gas,  249. 

for  petroleum,  249. 

Magnetic,  248. 
Prussian  measures  of  length.  3. 
PuUey,  94. 

Pulleys  and  belting,  193. 
Pulverizers,  423. 
Pump  machinery,  158. 

memoranda,  163. 

packing,  159. 

valves,  162. 
Pumps,  158. 

Air-lift.  164. 

Centrifugal,  164. 

Cornish,  158. 

Electrical,  162. 

for  acid  waters,  165. 

Power,  162. 

Simple  and  duplex,  158. 

Sinking,  165. 

Vacuum,  164. 
Push  button,  234. 
Pyramid,  33. 

Quadrint,  34. 

Quantity   of  air  required  by  State 
Laws,  363. 
for  dilution  of  mine  gases,  363. 
for  ventilation,  362; 
to  produce  neceasary  velocity 
at  £Eice,  363. 

RsdislRoitor  Mills,  426. 

Radii  of  curves,  79. 

Rail  bending  for  mine  roads,  412. 

elevation  for  mine  roads,  412. 
Railroad  curves,  78. 
Rails  for  mine  roads,  411. 

per  mile  of  track,  117. 
Raises,  316.  I 

Rapid  firing  of  boilers,  1«7. 

method  of  splicing  a  wire  rope,      I 
127. 
Rate  of  difftision,  346. 
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R&ting  of  compressors,  195. 

!R«Ltio  of  steam  and  water  cylinders  in 

pump,  160. 
It^Aumur  to  Fahrenheit,  366. 
Keciprocals,  545. 
Itecoil  of  an  explosion,  361. 
K,e<luction  of  inches  to  decimals  of  a 

foot,  2. 
Regular  polygon,  30. 
Regulation  of  motors  for  speed,  222. 
Regulators,  375. 

Relation  of  power,  pressure,  and  ve- 
locity. 364. 
Relative  volume  of  gases,  843. 
Relighting  stations,  a59. 
Removal  of  sulphur  from  coal,  441. 
Rejmir  of  boiler  coverings,  187. 
Repairs  to  boilers,  180. 
Reporting  on  mineral  lands,  252. 
Requirements  of  law  as  to  splitting, 

373. 
Reservoirs,  154. 
Resistance,  Electric.  203. 

Estimation  of  (electric),  209. 
in  electric  lines,  206. 
of  soils  to  erosion,  143. 
Mine,  364. 
Return-call  system,  232. 
Revolving  screen  mesh  for  anthracite, 

433,  434. 
Reynoidsville  method  of  mining,  295. 
Right-angled  V  notch,  137. 
Rings,  34. 

Rise  workings.  Ventilation  of,  382. 
Rivers,  Flow  of  water  in,  145. 
Roads,  Haulage  on  inclined,  398. 
Level,  898. 
Mine,  410. 
Rock-chute  mining,  310. 
drills,  263. 
Handling  of,  443. 
Roller  mills,  426. 
Rollers,  412. 

Rolling  friction.  Coefficient  of,  398. 
Roll-jaw  crushers,  420.  ■ 
Rolls,  421. 

Amount  crushed  by,  424. 
Crushing,  423. 
Speeds  of,  424. 
Teeth  of,  422. 
Roof  pressure,  280. 
Control  of,  284. 
Room-and-pillar,  280. 
modifications  of,  291. 
openings,  281. 
pillars,  286. 
Rooming  with  filling,  319. 
Rope  haulage,  122,  400. 
Ropes,  118. 

fastenings,  126. 
Flat,  394. 
Manila,  126. 
Rotary  crushers,  420, 422. 
Roughness,  Coefficient  of,  144. 
Rule  of  Three,  18. 
Rales  for  engine  drivers,  191. 
Running  of  coal,  312. 
Russian  measures  of  length,  3. 


Safe  Loads  for  Cast-Iron  Coiuilins,  106. 
Safe  loads  for  I  beams,  104. 
Safety  catches,  398. 

explosives,  329. 

lamp  oils,  356. 

lamps,  355,  356. 

lamps.  Locks  for,  358. 

lamps.  Illuminating  power  of,  359. 

valves,  185. 
Sampling  available  mineral,  251. 

of  coal,  173. 
Scaife  trough  washer,  437. 
Scale,  Removal  of,  Arom  boilers,  181. 
Scalp  wounds,  451. 
Schiele  ventilator,  388. 
Schmidt's  law  of  faults,  239. 
Screens,  481,  432. 
Screw,  93. 

Diameter  and  number  of,  113. 
Seam  blasting,  331. 
Seasons,  Influence  of,  382. 
Secant,  35,  454. 
Secondary  splits,  874. 
Sederholm,  E.  T.,  125. 
Semianthracite  coal,  169. 
Semibituminous  coal,  169. 
Series-circuits,  205. 

parallel  method  of  regulation,  222. 

wound  dynamos,  219. 
Settling  boxes,  435. 

particles.  Law  of,  439. 
Shaft  bottoms.  Steel,  276. 

bottom  tracks,  416. 

pillars,  285. 

plumbing,  69. 

sinking.  Drainage  for,  263. 

sinkinar,  Ventilation,  263. 

timbering,  270. 
Shafting,  Frictional  resistance  of,  96. 

Strength  of,  110. 
Shafts,  259. 

Calculation  of  depth  of,  340. 

Compartments  of,  259. 

Form  of,  259. 

Methods  of  sinking,  259. 

Size  of,  259. 

Surface  tracks  at,  417. 

Table  of  depths  of,  etc.,  261. 
Shaking  screens,  432. 
Shanty,  268. 

Shearing  machines,  337. 
Sheaves  for  wire  rope,  123. 
Shoes  for  stamps,  429. 
Short  horn,  285. 
Shots  in  close  workings,  361. 
Shunt-wound  dynamos,  219. 
Side  notes,  60,  61. 
Signal  for  haulage  roads,  235. 
Signaling,  Electric,  229-235. 
Silver  coins,  10. 
Similar  airways,  372. 
Simple  bell  circuit,  230. 
Sine,  34,  453. 

Sines,  Natural,  Table  of,  453. 
Single-chute  battery,  309. 

entry,  284. 

phase  alternators,  225. 

wire  method  of  slope  survey  ing, 74. 
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Sinking  a  shaft.  259. 
Cost  of,  263. 
engines,  263. 
head-frames,  262. 

Sumps,  165. 
lope,  263. 

Speed  of,  263. 
Siphons,  149. 

Size  of  engine  for  engine-plane  haul- 
age,  079. 

of  hoisting  engine.  To  find,  39G. 

of  mesh  for  screens,  433. 

of  opening  for  door  regulator,  .^77. 

of  opening  in  box  regulator,  376. 

of  pillars,  285. 

of  timber.  267. 
Sizes  of  anthracite,  percentages  of 
each.  323,  326. 

coal,  173,  434. 
Sizing  apparatus,  431. 
Slack,  167. 
Slicing  method.  319. 
Slightly  inclined  deposits,  318. 
Slope  bottoms,  413. 

level,  44. 

sinking,  263. 

surveying,  73. 

tracks,  413. 

Surface  tracks  at,  417. 
Small  percentages  of  gas,  356. 

seams,  mining  of,  313. 
Soft  coal,  169. 

Soils,  Resistance  of,  to  erosion,  143. 
Solar  attachment,  47. 
Sole,  268. 

Space  required  to  store  coins,  11. 
Special  forms  of  supports,  272. 

mining  methods,  322. 

work,  77. 
Specific  gravity,  107. 
of  coal,  171. 
of  gases,  344. 

of  various  substances.  Table 
of,  108, 109. 

volume,  341. 
Speed  of  crushing  rolls,  426. 

of  drilling,  244. 

of  haulage,  408. 

of  revolving  screens,  434. 

of  rolls,  423. 

of  sinking,  263. 

of  stamps,  429. 

of  water  through  pump  pas.sage$, 
160. 

regulation  of  motors,  222. 
Sphere,  33. 
Spikes,  Railroad,  117. 

Sizes,  etc.,  114. 
Spiling,  270. 
Spillways,  155. 
Spitzkasten,  4.35. 
Spitzlutten,  436. 
Splices  per  mile  of  track,  117. 
Splicing  a  wire  rope,  127. 
Splint  coal,  170. 
'flitting  formulas,  378. 

of  afr-currents,  373. 

ntaneous  combustion,  291. 


Sprags,  270. 

Square  feet  to  acres,  4. 

root,  19.  545. 

roots,  Table  of,  545. 

sets,  270. 

set  system,  321. 

work,  318. 
Squares,  Table  of,  545. 
Squibbing,  330. 
Stack,  Fumaoe,  385. 
Stadia  measurements,  81. 

table,  86. 
{  Stamps,  427. 

heads,  429. 

Pneumatic,  430. 

Power,  431. 

Speed  of,  429. 

Steam,  431. 
Standard  steel  buckets,  Weights  and 

capacities  of,  446. 
Starting  strain  on  hoisting  rope.  126, 
Stationary  screen  jigs,  437. 

screens,  431. 
Stations,  Distinguishing,  59. 

Establishment  of,  57. 

Kinds  of,  57. 

Marking,  58. 

Relighting,  859. 

Timbering  of,  272. 
Steam,  175. 

engine,  190: 

pipe  coverings,  183. 

pressure  at    different    tempera- 
tures, 188. 

shovel  mines,  278. 

stamps,  431. 
Steaming  coals,  171. 
steel  beams,  103. 

shaft  bottoms,  276. 

supports,  272. 

tape,  43. 
Stems  for  stamps,  429. 
Stinkdamp,  360. 
Stone  dams,  155. 
Stope  books,  62. 
Sloping,  316. 

Overhand,  304. 

with  filling,  319. 
Stoppings,  393. 
Storage,  Coal,  291. 
Stowing,  283. 
Stream  norsepower,  157. 
strength  of  anthracite,  289. 

of  electric  current,  203. 

of  materials,  102. 

of  metals,  115. 

of  roof,  280. 

of  shafting,  110. 

of  wire  ropes,  119. 
Stress  in  hoisting  ropes,  123. 
Strike  ftom  bore-hole  records.  250. 
Stulls,  268. 
Stuttles,  270. 
Suction,  162. 

in  jigging.  440. 
Sulphureted  hydrogen,  350. 
Sulphur  in  coal,  171, 174. 

RemovfU  of,  firom  <^^,  441. 
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Sump,  264. 
HupjMement  of  angle,  34. 
Sr^iirxace  tracks  for  shafts  and  slopes, 

417. 
Surveying,  88, 

drill  holes,  243. 
methods,  67. 
Underground,  66,  67. 
Susquehanna  Coal   Co.  (friction  of 

mine  cars),  98. 
S^redish  measures  of  length,  4. 
Sinrltehes;  413: 
Sjnoabols,  Chemical,  341. 
Synchronous  motors,  226. 
Systems  of  working  coal,  280. 

Table,  Coal  Deileri'  Compatiat,  452. 
Xables  of  Barrier  Pillars,  288. 
l>atteries.  231. 
circles,  545. 

circumferences  and  areas  of  cir- 
cles, ^  to  100,  561. 
combusUbles,  166. 
elements,  342. 
hydraulic,  135-154. 
logarithms  of  numbers,  473. 
logarithms  of  trigonometric  func- 
tions, 492. 
mine  gases,  349. 
natural  sines  and  cosines,  453. 
natural  tangents  and  cotangents, 

4^. 
rail  elevations.  412. 
reciprocals,  545. 

squares,  cubes,  squarC'roots,  cube 
roots,  circumferences  and  areas, 
545^560. 
Stadia,  88. 

strength  of  materials,  102-106. 
traverse    (latitudes    and    depar- 
tures), 537. 
well-known  shafts,  261. 
{For  tables  not  enumerated  above  see  the 

various  subjects.) 
Tail-rope  haulage,  400. 
Tamping,  331. 
Tangent,  35,  453. 
Tangents,  Natural,  Table  of,  464. 
Tappets  for  stamps,  429. 
Teetn  for  rolls,  422. 
Telephones  in  mines,  233. 
Telpherage,  278. 
Temperature,  Absolute,  344,  345. 

Measurement  of,  366. 
Tension  on  hauling  rope.  Calculation 

of,  401. 
Tertiary  splits,  374. 
Tesla,  Cal.,  method  of  mining,  300. 
Test  of  mine-car  frictions,  98. 
Testing  for  gas  by  lamp  flame,  354. 

lampsL  355. 

Teste,  Boiler,  188. 

Fan,  392. 

of  compressive  strength  of  an- 
thracite, 290. 
Thawing  dynamite,  329. 
Theory  of  air  compression,  194. 
jigging,  439. 


Theory  of  stadia  measurements,  81. 

Thermal  unit,  168. 

Thermometer  reflwlings,    Conversion 

of,  366. 
Thermometers,  366. 
Thickness  of  boiler  iron,  187. 

pipe,  133. 
Thin  seams.  Mining,  313. 
Three-phase  alternators,  226. 
Thurston,  table  of  lubricants,  102. 
Ties  for  mine  roads,  410. 
Timber,  Crushing  load  of,  105. 

Gangway,  268. 

joints,  267. 

Level,  268. 

measure,  12. 

Placing  of,  266. 

Preservation  of,  265. 

Size  of,  267. 
Timbering,  265. 

Forms  of,  267. 

longwall  face,  284. 
Tools  for  sinking,  263. 
Torque,  220. 
Track  iron,  117. 
Tracks  for  shaft  bottoms,  416. 

Mine,  410. 
Tractive    efforts    of    compressed-air 

locomotives,  404. 
Train  of  gears,  92. 
Transformers.  228. 
Transit,  40. 

adjustment,  41. 

notes,  60.    - 

surveying,  45. 
Transmission  of  air  in  pipes,  196, 198. 

Electric,  210. 

pressure  through  water,  132. 

Rope,  122. 
Transpiration  of  gases,  346, 348. 
Transporting    a     wounded    person, 

Transverse     rooming    with    filling, 

319. 
Trapeziums,  30. 
Trapezoids,  30. 
Traverse  tables,  537. 
Traversing  a  survey,  51. 
Treatment  of  injured  persons,  449. 

persons  overcome  by  gas,  451. 
Tremain  stamp,  431. 
Trestles,  274. 
Triangles,  28,  35. 
Trigonometric  leveling,  56. 
Trigonometry,  34. 
Triple  entry,  284. 
Trommels,  433. 
Trough  washer,  437. 
Troy  weight,  1. 
True  north  from  Polaris,  46. 

with  the  Burt  solar,  48. 
T-square  method  of  plumbing  shafts, 

73. 
Tunnels,  265. 

Flow  of  water  through,  147. 
Turbines,  158. 
Turnouts,  413. 
Two-phase  alternators,  226. 
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Undercasts,  393. 
Undercutting,  283. 
Underground  prospecting,  239. 

supports,  '4167. 

surveying,  56,  67. 
Underhand  stoping,  316. 
Undersetting  of  props,  267,  276,  277. 
Undershot  wheels,  157. 
Unequal  splits  of  air.  874. 
Units  of  electricity,  203. 

of  resistance,  Electric,  203. 

of  work,  Electric,  205. 
Unloading  coal.  Cost  of,  447. 
Usefhl  horsepower  during  winding, 

To  find,  397. 
Use  of  compass,  39. 

Vacuum  Pumps,  164. 

Vacuum  system  of  ventilation,  386. 

Value  of  a  fuel,  166. 

Values  of  explosives,  335. 

Valves,  Pump,  162. 

Safety,  185. 
Variation,  Barometric,.  339. 

of  ventilation  elements,  372. 

To  turn  off  the,  39. 
Velocity,  Coefficient  of  (water),  135. 

of  air-current,  364. 

of  a  water  jet,  135. 

of  water  through  pump  passages, 
160. 
Ventilating  currents.  Measurements 

of,  364. 
Ventilation  elements,»363. 

elements,  Variation  of,  372. 

formulas,  370. 

in  shaft  sinking,  263. 

methods  and  appliances,  381. 

of  Mines,  337. 

of  rise  and  dip  workings,  382. 
Ventilators,  Mechanical,  385. 
Verniers.  Reading,  39. 
Versed  sine,  35. 
Vertical  angle,  51. 

curves  on  slopes,  416. 

distances.  50,  87,  537. 

distances,  stadia  table,  87. 
V  Notch,  1.37. 
Volatile  combustible  matter  of  coal, 

171, 174. 
Volume  and  absolute  pressure,  345. 

and  absolute  temperature,  Rela- 
tion of,  345. 

Atomic,  341. 

Measures  of,  5. 

Specific,  341. 

Waddle  Ventilator,  387. 

Wall  plates,  270. 

Wardle's  formula  for  shaft  pillars,  285. 

Washers,  Ore  and  coal,  436. 

Weight  of,  116. 
Waste  gates,  146. 

ways,  155. 
Water,  Battery,  430. 

buckets,  164. 

column    corresponding    to    any 
mercury  column,  340. 


Water  elevators.  164. 

flow  through  orifices,  135. 

gauge.  186,  365. 

Gauging,  136. 

level,  186. 

memoranda,  163. 

power,  156. 

raised  by  single-acting  lift  pump, 
162. 

weight  of,  107, 130. 
Waterproof  push  button,  234. 
Waterwheels,  157.  ■ 

See  Wheels. 
Watt-hour,  205. 
Weather-proof  wire,  212. 
WedTO,  93. 
Weight,  Apothecaries',  1. 

Atomic,  344. 

Avoirdupois,  2. 

Metric,  2. 

Troy,  1. 
Weight  of  atmosphere,  337. 

Doltheads,  nnts,  and  washers,  116. 

bolts,  116. 

castings^  111. 

chains,  130. 

coal,  170. 

flat  wrought  iron,  115. 

gases,  344. 

iron  pipe,  113. 

materials,  102. 

plates  of  steel,  wrought  iron,  etc., 
112. 

standard  steel  buckets,  446. 

water,  107, 130. 

wire  ropes,  119. 

wrought  iron,  114. 
Weight  on  pillars  at  difiTerent  depths, 

Table  of,  287. 
Weights  and  measures,  7. 
Weir  discharge,  140. 
Weirs,  138. 

Well  drilling.  Cost  of,  242. 
West  Virginia  method  of  mining, 

296. 
West  Vulcan  telephone  system,  234. 
Wheel  and  axle,^92. 
Wheels,  Water,  157. 

Breast,  157. 

Impulse,  158. 

Overshot,  158. 

Turbines.  158.  - 

Undershot,  157. 
Whitedamp,  349. 
Whiting  system  of  hoisting,  395. 
Williams'  method  of  mining,  312. 
Wing  dams,  156. 
Winslow,  Arthur,  81. 
Winzes,  316. 
Wire  gauge,  207. 

nails,  114. 
Wire  rope,  118. 

fastenings,  126. 
Life  of,  123. 
Size  of  drums  for,  123. 
splicing,  127. 

Weight  «nd  strength  of,  119. 
Wire,  Weather-proof^j212. 
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^Wiiingr,  BeU,  230. 

Electric,  207. 
'^^olf  lamp,  358. 
Wood,  Crushing  load  of,  105. 

ftiel,  Value  of,  166. 

screws,  113. 
Wooden  beams,  102. 

Constants  for,  108. 


Wooden  dams,  154. 

Workinff  load  for  wire  rope,  125. 

Methods  of,  277. 
Wrought  iron,  Flat,  115. 
Wyoming  region,  Costs  of  mining  in 
325. 

Zino,  Weight  of,  111. 
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The  Pulsometer  | 

Steam  Pump.  | 

Recent  Important  ifi 

Improvements im 

OVER  20,000  IN  USE.  m 

ssirr  Steam  I 


Cheapest  w^  u  VF  vl  III        -3^- 

Most  Efficient 
Most  Durable 


Most  Efficient    ^-^ i*^. 


Pump 


FOR  SHALLOW  MINES,  GOAL  AND  ORE 
WASHING.  DIP  DRAINAGE. 


I 

y^  CONTRACTORS*  USE * 

JlJ  Catalogue  Free.  J 

5£     The  Pulsometer  Steam  Pump  Go„  | 

^  135  Greenwich  St.,  NEW  YORK  CITY.       * 


AMERICAN  SAFETY  lAM?  AND 
MINE  SUPPLY  COMPANY, 

1321  to  1325  Capouse  Ave. ,  SCRANTON,  PA. 

Manuf.gs^rs,>Ming.r<;'  Safety  Lamps 

IN  AMERICA. 

SAFETY  LAMPS  OF  ALL  TYPES, 

EVERY  LAMP  TESTED  BEFORE  SHIPMENT,  AND  GUARANTEED 
PERFECT. 

SEAMLESS  ALUMINUM  HEAD  LAMPS— Cast  in  One  Piece. 

STEEL  OR  BRASS  HOOKS  AS  DESIRED. 


Girease  Cups,  Pneumatic  Sis(nal  Gons(s,  Mine  Whistles,  Brass  or 
Aluminum  Castins(s,  General  Mine  Supplies. 

B  SEND  FOR  CATALOGUE. 

'  Digitized  by  VjOOQIC 


Established  1862. 

THE  LUNKENHEIMER  CO. 

MAIN  OFFICES  AND  WORKS: 

CINCINNATI,  OHIO.  U.  S.  A. 

BRANCHES: 
NEW  YORK :  a6 Cortlandt  St.     LONDON :  35  Great  Dbver  St. 

Originators,  Sole  Makers  and  Patentees 
of  the  Celebrated 


LUNKENHEIMER 


ff 


Superior  Brass  and  Iron  Engineering  Ap- 
pliances for  Steam.  Water,  Gas, 
Air,  Oils»  Etc. 

Valves,  Whistles,  Cocks,  Injectors,  Lubricators, 
Oil  and  Grease  Cups,  Etc. 


All  goods  rigidly  tested  and  inspected,  and 
warranted  as  represented.  Endorsed  and  liber- 
ally used  by  intelligent  steam  users  in  every  land. 

The  only  goods  of  their  class  made,  haying  an 
international  reputation  for  superior  merit. 

Provide  against  substitution  by  "specifying 
I^UNKENHEiMER"  make,  and  see  that  our  name 
is  on  every  article.    None  genuine  without  it. 

Investigation  and  comparison  invited,  and  sat- 
isfaction guaranteed. 

Write  for  Catalogue. 
Exposition  Universelle,  Paris,  1900—3  Medals. 


If   this   page  is  printed  well,  the  above 
will    be    a    perfect    reproduction    of   our 

IMPROVED  TAIL  ROPE 

HAULAGE  ENGINES. 

Concisely  stated  they  are  equipped 
with  steam  brake — convenient  levers — 
extra  big  bearings — strong  shafts — best 
designed  drums. 

They  are  perfect  in  adjustment  and 
run — noiselessly. 

MONONGAHELA 
MANUFACTURING  CO., 

Manufacturers  of  General  Mining  Machinery,  Hoisting  Engines. 
Screens,  Fans,  Etc. 

MONONGAHELA,  PA. 
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PAUL  S.  REEVES  &  SON, 

PHILADELPHIA,  PA. 
Manufacturers  of 

"Speciar'Phosphor  Bronze 

RESISTS  THE  ACTION  OF  MINE  WATER. 

Used  in  all  pumps  of  the  principal  operators  in  the  Anthracite   and 
bituminous  coal  regions. 

TRADE 

Reeves  "TUBAL"  Bronze 

MARK 

STKONO  AS  STEEL 


Brass,  Phosphor  Bronze,  and  Manganese   Bronze   Castings 

FOR  BEARINGS  AND  ALL  OTHER  PURPOSES. 

BABBITT  METALS. 

Write  for  Prices. 


Everything 

...  For  the  ... 

ARTIST, 
ARCHITECT. 
ENGINEER. 
SURVEYOR. 

"  If  wc  havc'nt  it,  no  one  has." 

Catalogues  on  Application. 


THE  WM.  E.  STIEREN  CO.,      -.....«.«„. 

544  SmitMield  St.,  406-408  Sixth  Ave.  PITTSBURG,  PA 

Digitized  by  VjOOQIC 


»W*|                 fX                        •■■                      WM.  STEWART,  President. 

The  Danville    ^.rs^s^:.. 

Foundry  and  Machine  Co. 

£NOINEERS.     FOUNDERS. 

1                              MACHINISTS. 

1               Bell  Telephone;  Works,  14.                                     -^           , 

I        NBwTE«.HONR,|«'°*e„?J!-,^.    .            Danvitk  HI. 

r^ 

Hoisting  Engines, 

i\  I 

Haulage  Engines, 

\  " 

Automatic  Cages,  Haiierts Pat. 

1 

1. 

Ordinary  Ca^es, 

D 

Ventilating  Fans, 

T 
HI 

Mine  Cars, 

'    E 

Car  Wheels, 

E 

Car  Irons, 

Y 

Box  Car  Loaders, 

Screens, 

S 

General  Supplies  and 

T 

Foundry  Work. 

Our  Experience  extends  over  a  period  of  twenty  years, 
and  includes  many  of  the  largest  plants  of  the  United  States, 

and  British  North  America. 

Estimates  cheerfully  furnished,  and  personal  examination 

made  when  required. 

WKITE  US  BEFORE  PLACING  YOUR  ORDEK. 
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Lackawanna ::::: 
Lubricators 

ENSURE  PERFECT 
LUBRICATION 

Of  Cylinders  of  all  kinds  of  Steam  Engines. 

They  are  economical  of  oil, 
reliable  under  all  conditions,  will 
not  choke  or  clog,  operate  per- 
fectly in  any  temperature,  and 
will  not  chill  or  freeze  while 
steam  is  turned  on,  easily  at- 
tached,   convenient   to   fill    and 

FIVB-GALLON    CYLINDBR    *'"^"^^>       v-vr**  v  %.***>-**  w       vw      *a*  mu^ 

operate. 


LUBRICATOR. 


ONE  FIVE-OALLON 
LUBRICATOR 

can  be  placed  wherever  conve- 
nient in  the  engine  room  and 
will  lubricate  all  the  cylinders 
on  that  steam  line.  ^^ 

Write  us  if  you  would  liice  to  try  one.       cylwdS  lubricator. 


Lackawanna  Lubricator  and 
Manufacturing  Company, 


.WILMINGTON,  DEL 
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ESTABLISHED  1855. 


THE  FINCH  MFG.  COMPANY, 

SCRANTON,   PA. 

DESIGNERS  AND  MANUFACTURERS  OF 

MINING 

MACHINERY 

For  All  Purposes. 


Let   us   know  what   you    need   and  we  will 
furnish  estimates. 


For  forty-five  years  THE  FINCH  SHOPS 
have  been  noted  as  producers  of  efficient, 
durable,  up-to-date  MINING  MACHINERY  at 
moderate  prices. 


HOISTING  AND 
HAULAGE  MACHINERY 

A  SPECIALTY. 
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INSTRUCTION  BY 


IN. 


Coal  and 

Metal 

Mining. 


L 


Circulars  and  references  on 
application. 


THE  INTERNATIONAL 
CORRESPONDENCE  SCHOOLS, 

Scranton,  Pennsylvania. 
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H.  S.  Beagle.  Geo.  Wise. 

The  Beagle  Hame  Works, 

TRBXLARB,  PA. 

HAMES.~GbLLARS. 
and  HARNESS 


Mining,  Lumbering,  and  Teaming, 


•    Write  for  Prices 


Manganese  Steel 

IS  HARD  AND  TOUGH. 


HKST   METAL   FOR 


Roll  Shells,  Stamp  Shoes  and  Dies,  Crusher 
Plates  and  Side  L,iners,  Toggles  and  Toggle 
Bearings,  Gyratory  Cones  and  Concaves,  Mine 
Car  Wheels,  Coal  Crushing  Rolls,  Etc 

Taylor  Iron  and  Steel  Company,-- 

HIGH  BRIDGE,  NEW  JERSEY. 
Sole  I^icensces  in  America  under  the  Hadfield  System  and  Patents. 


J I 'rite /or  fn/orrnntion  and  Prices. 


ULMER  &  HOFF. 

224  Ghamplain  St.»  CLEVELAND,  OHIO. 

Sole  Makers  of 

THE  NEW  DAVIS  SOLAR 

TRANSIT,  and 

••  LUCAS"  CHAIN  TAPES. 

Manufacturers  of 

Strictly  High  Grade  Engineering,  Mining,  antt 
SURVEYING  INSTRUMENTS. 

Spe(ial  attention  given  to  repairs. 

Send  business  card  Cor  price  list. 


.  y  Google 
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Cameron  Mining  Pumps 

for  Station  and  Sinking 

are  recognized  in  mining  camps  the  world  over  as  the  stand- 
anl  of  excellence  and  the  guarantor  of  security  in  operation. 
As  "  Imitation  is  the  Sincerest  Flattery"  do  not  permit  your- 
self to  be  cajoled  into  buying  any  pirated  design,  but  get  the 
ORIGINAL  with  its  later  and  patented  improvements.  Our 
new  catalogue,  with  full  information,  will  be  sent  to-  yon  on 
application. 


The  A.  S.  Cameron  Steam  Pump  Works, 


Fool  of  East  23rd  St.,  «.  Y.  City,  U.  S.  A. 


i 
ilii 


GENERAL  ELECTRIC  COMPANY'S 

Electric  Mining  Apparatus, 


Mine  Locomotives ;    Hoists  for  shafts,  slopes,  and  rope 
haulage  systems  ;  Coke  Larry  Equipments  ;  Piston  ^ 

or  Centrifugal  Pumps  ;  Motors  for  elevators, 

conveyors,  car  hoists,  excavators,  gold  ^ 

dredges  ;  and  Sullivan  Coal  Cut- 
ters and  Diamond  Drills 

ill 

equipped  with  GE 
Motors. 

Estimates  Given  on  Long:  Distance  Power  Transmission  and 

Equipment.  % 

GENERAL  OFFICE:  -      -   SCHENECTADY,  N.  Y.  ^ 

Sales  Offices  in  All  Large  Cities. 

llif       ik        iii        ikt       \*r        a       ili lilv       ilii_    m-    iki W % 
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ESTABLISHED  1860. 


Phillips  Mine  Supply  Co. 

MANUFACTURERS  OF 

Mine  and  Coke  Works 
...Equipment... 

South  23r(l  and  Mary  Sts..  PITTSBURG.  PA..  U.  S.  A. 


BACti.  SitLVQh 


Pat'd  Waste-Packed  Wheel. 

simplest  and  Most  Effective  Self-Oiling  Wheel  Made. 


Mine  Gars,  Gar  Dumps.  Car  Gouplings. 

Coke  Scrapers,  Larry  Wagons,    Drums,    Screens, 

Weigh  Baskets,  Screen  Bars,  Etc. 


CONTRACTS  FOR  TIPPLE  EQUIPMENT  COMPLETE. 


Our  Patent  Gross-Over  Dumps  Are  Used  EXCLUSIVELY  by 
the  Largest  Concerns  in  the  Country. 

LET  US  SUBMIT  PLANS  AND  ESTIMATES. 


1  GettheBes/ 

Write  for  prices 
and  particulars  of 

THE  BEST  HAND 
DRILL  MADE. 


The  UGrai4Miic  Drill  Ca. 

193  Barney  St., 
WILKES-BARRE.  PA. 


FOR  PRICES  ON 

Goal  Tipples.  Mine  Gars.  Larries. 

Drums.  Etc..  Etc. 

Address 

The  Niles  Mine  and  Mill  Supply  Go.. 

NILES.  OHIO. 


f- 


•^ 


PliAtTiicrfrir    Qualitative  and  == 
l^llClIlloiry)  Quantitative  Analysis. 


A  course  of  study  by  mail  for 
Chemists,  Assayers,  and  their 
assistants ;  also  employers  in 
blast  furnace  works,  iron  and 
steel   mills 


THE   INTERNATIONAL- 


E- 


CORRESPONDENCE  SCHOOLS. 

SCRANTON,  PA. 
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Established  i88i. 

MINES  ^MINERALS 


An  Illustrated 
Mining  and  Metallurgical  Joij 

FOR 


MINE 


OWNERS. 
MANAGERS, 
SUPERINTENDENTS, 
FOREMEN. 


MINING  ENGINEERS. 
MILL  SUPERINTENDENTS. 
MINING  STUDENTS. 


"The  Most  Progressive  Mining  Journal." 

Its  merit  as  a  practical  periodical  for  all 
classes  engaged    in  mining  has  won    for  it  a 

Larger  circulation  than  any  otner 
Mining  Periodical. 

It  is  not  a  stock- jobbing  organ,  neither 
does  it  boom  questionable  mining  schemes  or 
regions. 

It  Is  a  practical  mining  Journal 
for  practical  mining  men. 


SUBSCRIPTION  PRICE.  -  $2.00  PER  YEAR. 

Ignited  States,  Canada,  and  Mexico. 

FOREIGN. $3.00. 

Send  for  Pree  Sample  Copy. 


MINES  AND  MINERALS. 

Cable  Address,  "  Retsof,  Scranton."  Scranton,  Pa.,  U.  S.  A. 


A.  Leschen  &  Sons  Rope  Co. 

SOLE  MANUFACTURERS 

Patent  Flattened  Strand 


(Trade  Mark  Registered.) 

This  is  lot  a  new  braid  of  Rope.  It  has  beei  od  the  Market  for  years. 

ALSO  ALL  KINDS  OF 


Round  Strand  Wire  Rope. 

SAFETY  DETACHING  HOOKS. 

....ALSO.... 

Leschen's  Patent  Aerial  Wire  Rope  Tramway 
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920922  North  First  St.. 
47-49  South  Ganal  St., 


ST.  LOUIS,  MO. 
CHICAGO,  ILL. 
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The  Technical  Supply  Co., 


SCRANTON.  PA 


Mining  and  Scientific  Books, 
Surveying  Instruments, 
Drawing  Instruments  and  Supplies, 
Mining  Instruments, 
Fine  Mechanical  Tools. 


SUPPLIES  FOR  STUDENTS  OF 

THE  INTERNATIONAL 
CORRESPONDENCE  SCHOOLS. 

OF  SCRANTON.  PA.. 

A  SPECIALTY. 


Any  of  the  following  oataloffuea  (always  up  to  date)  will  be  sent  FHEE 
on  application: 

Practical  Books  Relating  to  ARCHITECTURE  AND  THE  BUILD- 
ING TRADES. 

Practical  Books  Relating  to  CIVIL  ENGINEERING. 

Practical  Books  Relating  to  ELECTRICITY  AND  ELECTRICAL 
ENGINEERING. 

Practical  Books  Relating  to  MECHANICAL  AND  STEAM  ENGI- 
NEERING. 

practical  Books  Relating  to  MINING. 

Practical  Books  Relating  to  ASSAYING. 

Practical  Books  Relating  to  CHEMISTRY. 


^ 

special  Catalogues  of  Drawing.  Engineering,  and 
Mining  Instruments  and  Fine  Tools. 


•^OO^ 
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The  Watt  Mining  Car  Wheel  Co. 


BARNESYILLE, 
OHIO. 


>Vrite  us 
for  prices. 


OUR  SPECIALTIES 


Mine  Cars,  Ore  Cars,  Car 
Wtieels  and  Axles 


SPECIAL  OFFER. 


On  bona  fide  application  of  mine 
superintendents  or  mine  owners' 
we  will  mail  free  our  enlarged 
1900  illustrated  catalogue,  describing  STEAM  AND  COMPRESSED  AIR  LOCO- 
MOTIVES. Our  system  of  air  haulage  is  the  safest,  most  efficient,  and 
economical. 

Address,   H.  K.  PORTER  COMPANY, 

547  Wood  Street,  PITTSBURG,  PA. 


*N^fe[L^ 
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ERECTED   FOR   CORRESPONDENCE   INSTRUCTION, 
IN   1898. 


COURSES  BY  MAIL  IN  ALL  BRANCHES  OF 

ENGINEERING. 


CIRCULARS  ON  APPLICATION. 

COURSES   IN    MECHANICAL   ENGINEERING,    CIVIL 

ENGINEERING,  CHEMISTRY.  COAL 

AND  METAL  MINING. 


THE  INTERNATiONAL 
CORRESPONDENCE    SCHOOLS, 

SCRANTON.  PA. 
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Don't  Get  

Your  Wires  Crossed 


But  you  will  unless  you  specify 


$ 


••     I   I  LEK  Wire  Cloth  :::::::     I 


The  only  make  with  the  wires 
thoroughly  crimped  both  ways. 

THE  WIRES  CANNOT  SHIFT.     PUTS  ALL  WIRES  TO  THE 
WEAR.     IT  HAS  AN  EVEN  SURFACE. 


a  n.  q  a.  Q  s,  ■  B.  B,  E3, 0  □.  a  a,  q  c 

n.c|  da  D.ra  H.q  oio  n.o  aia.n 
n  y3.  n  a.  q  D.  q  Bl^  ■  a.  q  a,  a  s,  q  [^ 
o.q  0.0  a.q  0.B  o.a  o.qo.e  d.d 

a.  m  @~.  Q  D.  q  B,  a  b.  m  m.  n  @*  q  d  i-^ 


THE  W.  S.  niER  COMPANY, 

Cleveland,  Ohio,  U.  S.  A., 

MANUFACTURERS  OF 

IRON,  STEEL.  BRASS,  COPPER,  AND  PHOSPHOR, 
BRONZE  WIRE  CLOTH. 


Write  for  Samples  and 
Prices. 


i 
I 


I 


I 


•^ 


We  can  make  Extra  Heavy  Grades. 
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J.  &  J.  B.  MILHOLUND     lUi  t 


COMPANY. 

Wire  l^ope 
...  Hauia^i 


» 


Manufacturers  of 


I         AND  HOISTING  ENGINES. 

t  Steel  and  Iron 

J  Wire  Rope  .... 

i  ^^ 

^  OFFICE  AND  WORKS: 

2     714  Fifth  Avenue     -      -      PITTSBURGH.  PENNA. 

•^  ROPE  HAUI.AGE  ENGINES. 

J^  *      HOISTING   ENGINES.       STEEIy  AND  IRON  WIRE  ROPE. 
!2^  GUM  I^INED  SHEAVES.      ROPE  lylNED  ^HEAVES. 

•g  INCIvINED  PIvANE  MACHINERY. 

2  PIvAIN  IRON  SHEAVES.      COAI^  CRUSHERS. 

ij^  WOOD  ROI,I.ERS  AND  SIDE  SHEAVES. 

4^  STEAM  ENGINES  10  TO  600  HORSE  POWER. 

J^  STEAM  OR  WATER  POWER  PIvANTS. 

!J^   ^    TAII,  ROPE  HAUI.AGES.     ENDI.ESS  ROPE  HAUIyAGES. 
NARROW  GAUGE  I^OCOMOTIVES. 
SHAFTING  AND  PUI^IyEYS.     SECOND  HAND  ENGINES. 
AI,I,  KINDS  OF  BOII.ERS. 
AI,I^  KINDS  OF  REPAIRING  DONE. 
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